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Description 

BACKGROUND OF THE INVENTION 
FiglciofthQ invention 

The present invention concerns nucleotide analogs and their compositions and use. In particular, the invention con- 
cerns antiviral (including antiretroviral) and antitumor phosphonomethoxymethyloxymethyl purlne/|Dyrimidine deriva- 
tives and 5'-phosphonomethoxytetrahydrofur-2'-yl purine/pyrimidine derivatives. 

Backorounri Information 

Infectious viral diseases are recognized as an important medical problem. Progress against infectious viral disease 
requires the development of drugs with selective antiviral activity while remaining benign to normal cell lines. A number 
of antiviral agents currently under study which seem to possess some selectivity are nucleoside analogs. In general, 
these compounds are structural analogs of the naturally occurring nucleosides. Structural modification in either the 
purine or pyrimidine base nucleus and/or the saccharide component results in a synthetically modified nucleoside 
derivative which, when incorporated into a viral nucleic acid forming process, acts to disrupt further synthesis of viral 
nudeic acid. 

Effectiveness of these antiviral agents depends on selective conversion by viral enzymes, but not by host enzymes 
to the corresponding nucleotide analog which is then converted to the triphosphate and incorporation into viral nucleic 
acid occurs. A problem with this antiviral strategy has been the emergence of certain viral strains whose enzymes 
poorly promote phosphorylation of the nucleoside analogs. To circumvent this problem, intact nucleotide analogs 
appear to be potentially quite useful as antivirals for incorporation into viral nucleic acid. 

Reist and Sturm in WO 84/04748, published December 6, 1984, disclosed new phosphonic acid analogs of nucle- 
oside phosphates which are useful as antivirals for incorporation into viral DNA. The structural formula for these com- 
pounds is shown below as V. 



ZpO. 0 X 



.P-C-<CHp)n-CH „ 



CH 

I 



1' 



In the Reist and Sturm compounds, B is a purine or pyrimidine base: R, and Rj together complete a beta-pento- 
turanose sugar or R, is H and Rg is H or hydroxmethyl; R3 is H or OH; X is H. OH or together with Y is carbonyl oxyaen 
and Y can also be H; 2, and Zg are H or alkyl. 

Similarly, synthesis and anti-Herpes-Virus adivity of phosphate and phosphonate derivatives of 9-[(1 .3-dihydroxy- 
2-propQxy)methyl]quanine (Formula 2 ' was disclosed by Prisbe. fila!.. in J. Med. Chem.. 1 986, 29, 671 . 
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Other phosphonate nucleotide analogs of the Formula 2 ' type wherein X=:CH2 have been described by R. M. Riggs 
20 et al.. Nucleosides and Nucleotides, 8(5&6, 1 119-1 120 (1989): D.H.R. Bouton. et al.. Tetrahedron Letters, Vol. 30, No. 
37, pp 4969-4972 (1 972); and H. Tanaka, et al., Tetrahedron Letters, 30, 2567-2570 (1 989). 

Adenine phosphonic analogs (Formula 3*) and their syntheses are disclosed in the UK Patent Application of Holy, 
fiLal.. GB 2,134.907A published 8/22/84. 



30 




35 



3' 



In formula a:; R2 and R3 are H or together complete a ribonucleoside ring; and both R4 are alternately a hydrogen 
and -CH2P(0) (0H)2 group. 

A preferred example of one of these compounds, known as (S)-HPMPA (Formula 4 7 was disclosed by DeClercq. 
elaL, in Nature. 1986, 323, pp. 464-467 and earlier by Holy, Nucleic Acids Research. Symposium Series No. 14,' 
45 1984, pp. 277-278. Phosphonate compounds which are HPMPA analogs are described in South African Patent 
1 987/8607. In applicant's hands, (S)-HPMPA is only slightly active in mice inoculated with Heroes simpfey virus - 2. In 
a 21 day protocol 30% of a group of animals treated i.p. with 50 mg/kg/day of (S)-HPMPA survived. 



50 
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4' 



There is no teaching contained in those references, or a suggested comlDination thereof, which would make obvi- 
ous the compounds, compositions, and uses involved In the present Invention. 

SUMMARY OF THE INVENTION 

Phosphonomethoxymethoxymethyl purine and pyrimidine derivatives, 5'i3hosphonomethoxytetrahydro-fur-2'-yl-9- 
purine and 1 -pyrimidine derivatives, phosphonomethoxymethoxymethyl 9-purine and 1 -pyrimidine derivatives having a 
cyclic phosphonate group and 5'-phosphonomethQxytetrahydro-fur-2*-yl-9-purine and 1 -pyrimidine derivatives having a 
cyclic phosphonate group have been synthesized and found to possess useful antiviral and antitumor activity. 

The present invention concerns a phosphonomethoxymethoxymethyl purine/pyrimidine derivative of the formula 



X and X' independently are hydrogen or alkyi having 1 to 6 carbon atoms, or the cation of a salt-forming base 
R and R' independently are hydrogen, alkyI having 1 to 6 carbon atoms, hydroxyalkyi with 1 to 6 carbon atoms, 
alkanoyl having 2 to 7 carbon atoms, and B is a (9-substituted) purine or (1 -substituted) pyrimidine base selected 
from the group consisting of xanthine, substituted xanthine, for example, hypoxanthine. guanine, substituted gua- 
nine, for example, 8-bromoguanine, 8-chloroguanine, 8-aminoguanine, S-hydrazinoguanine, 8-hydroxyguanine, 8- 
methylguanine, 8-thioguanine and 3-deazaguanine, purine, substituted purine, for example, 2-aminopurine, 2,6- 
diaminopurine, cytosine, substituted cytosine, for exarrple, 5-ethylcytosine and 5-methylcytosine, thymine, uracil, 
5-substituted uracil, for example, 5-chlorouracil, 5-bromouracll, 5-ethyluracil, 5-iodouracil, 5-propyluracil and 5- 
vinyluracil, adenine and substituted adenine, for example, 3-deazaadenine, and pharmaceutically acceptable salts 
thereof. 




wherein 



The present invention also concerns a 5 -phosphonomethoxytetrahydro(or dihydro)fur-2-yl -purine or pyrimidine 
derivative of the formula 



EP 0 398 231 B1 



0 




<ii> 



wherein 

X and X' independently are hydrogen or alkyi having 1 to 6 carbon atoms, or the cation of a salt-forming base the 
broken line represents an optional bond, 

Y and 2 independently are unsubstituted or substituted alkyi with 1 to 6 carbon atoms or together they constitute 
an oxygen atom or methylene group in which event the broken line is absent, and 

B is a 9-substrtuted purine or a 1 -substituted pyrimidine base selected from the group consisting of xanthine, sub- 
stituted xanthine, for example, hypoxanthanine. guanine, substituted guanine, for example. 8-bromoguanirie. 8- 
chloroguanine. 8-methylguanine and 8-thioguanine and S-deazaguantne, purine, substituted purine, for example. 
2-aminopurine, 2,6-diaminopurine, cytosine. substituted cytosine. for example. 5-ethylcytosine and 5-methylcyto^ 
sine, thymine, uracil, 5-substituted uracil, for example. 5-chlorouracil, 5-bromouracll, 5-ethyluradl, 5-iodouracil, 5- 
propyluracii and 5-vinyluracil. adenine and substituted adenine, for example. S-deazaadenine, and pharmaceuti- 
cally acceptable salts thereof. 

The invention also concerns to a 5'-phosphonomethoxytetrahydrofur-2'-yl-purine or pyrimidine derivative having a 
cyclic phosphonate group of the formula 



0 




(III) 



wherein 

X is hydrogen or alkyi with 1 to 6 cart>on atoms, 
is H or OH 

and B is a (9-substituted) purine or a (1 -substituted) pyrimidine base selected from the group consisting of xan- 
thine, substituted xanthine, for example, hypoxanthine, guanine, substituted guanine, for example, 8-bromogua- 
nine, 8-chloroguanine, 8-aminoguanine, 8-hydrazinoguanine, 8-hydroxyguanine. 8-methylguanine, 8-thioguanine 
and a-deazaguanine, purine, substituted purine, for example. 2-aminopurine. 2,6-diaminopurine. cytosine, substi- 
tuted cytosine. for example. 5-ethylcytosine and 5-methylcytosine, thymine, uracil. 5-substituted uracil, for example. 
5-chIorouracil. 5-bromouracil, 5-ethyluracil, 5-iodouracil, 5-propyluracil and 5-vinyluracil, adenine and substituted 
adenine, for example. 3-deazaadenine, 
and pharmaceutically acceptable salts thereof. 



The invention is further directed to a phosphonomethoxymethoxymethyl-S-substituted purine or 1 -substituted 
midine derivatives having a cyclic phosphonate group of the formula 
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<IV) 



wherein 



X is hydrogen, aikyi with 1 to 6 carbon atoms, 

is hydrogen, alkyi with 1 to 6 carbon atoms or alkanoyl having 2 to 7 carbon atoms, and B is a purine or pyrimi- 
dine base selected from the group consisting of xanthine, substituted xanthine, for example, hypoxanthine. gua- 
nine, substituted guanine, for example, 8-bromoguanine. 8-chlorogranine, 8-aminoguanine, S-hydrazinoguani'ne, 8- 
hydroxyguanine, 8-methylguanine, 8-thioguanine and 3-deazaguanine. purine, substituted purine, for example' 2- 
aminopurine. 2,6-diaminopurine, cytosine. substituted cytosine. for example, 5-ethylcytosine and 5-methylcytosi'ne. 
thymine, uracil. 5-substituted uracil, for exanple, 5-chlorouracil. 5-bromouracil. 5-ethyluracil. 5-iodouracil. 5-propy- 
luracll and 5-vinyluracil, adenine and substituted adenine, for example. 3-deazaadenine, are pharmaceutically 
acceptable salts thereof. 

The present invention also concerns the following intemiediates: 



B 



, wherein 

B is a 9-substituted purine or a 1 -substituted pyrimidine base selected from the group consisting of xanthine, sub- 
stituted xanthine, for example, hypoxanthine. guanine, substituted guanine, for example, 8-bromoguanine, 8-chIo- 
roguanine. 8-aminoguanine, 8-hydrazinoguanine. 8-hydroxyguanine. 8-methy1 guanine. 8-thioguanine ' and 3- 
deazaguanlne. purine, substituted purine, for example. 2-aminopurine, 2.6-diaminopurine. cytosine. substituted 
cytosine. for example, 5-ethylcytosine and 5-methylcytosine. thymine, uracil. 5-substituted uracil, for example 5- 
chlorouracil. 5-bromouracil. 5-ethyluracil, 5-iodouracil. 5-propyluracii and 5-vinyluracil. adenine and substituted 
adenine, for example, 3-deazaadenine; 




<VI) 



Y 



. wherein 

X is a halogen, for example, chlorine, bromine, iodine or fluorine, 

Y is phenylthio, phenylseleno or a halogen atom, for example, chlorine, bromine, iodine or fluorine and B is a 9- 
substituted purine or 1 -substituted pyrimidine base selected from the group consisting of xanthine, substituted xan- 
thine, for example, hypoxanthine, guanin , substituted guanine, for example. 8-bromoguanine. 8-chloroguanine 8- 
aminoguanine, 8-hydrazinoguanine. 8-hydroxyguanine, 8-methylguanine, 8-thioguanine and 3-deazaguanine 
purine, substituted purine, for example 2-aminopurine, 2.6<liaminopurine, cytosin . substituted cytosine for exam- 



6 
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pie, 5-ethylcytosine and 5-methylcytosine, thymine, uracil. 5-substituted uracil, for example, 5-chlorouracil, 5-bro- 
mouracii, 5-ethyluracil. 5-iodouracil. 5-propyluracil and 5-vinyluracil. adenine and substituted adenine, for example 
3-deazaadenine; 



B 




VII 



. wherein 

B is guanine, substituted guanine, for example. 8-bromoguanine. 8-chloroguanine. 8-aminoguanine. S-hydrazino- 
guanine, 8-hydroxyguanine. 8-methylguanine. 8-thioguanine and 3<leazaguanine. cystosine or substituted cyto- 
sine, for example. 5-ethylcytosine and 5-methylcytosine. 5-substituted uracil, for example. 5-chlorouracil, 5- 
bromouracil, 5-ethyluracil, 5-iodouracil. S-propyluracil and 5-vjnyluracil, except 5-fIuorouracil and substituted ade- 
nine, for example, 3-deazaadenine, and 




(Vim 



wherein 

Y is a halogen, for example chlorine, fluorine, bromine or iodine, phenylthio. or phenylselano, R is hydrogen or alkyi 
with 1 to 6 carbon atoms and B is a purine or pyrimidine base selected from the group consisting of xanthine, sub- 
stituted xanthine, for example, hypoxanthine. guanine, substituted guanine, for example, 8-bromoguanine. 8-chlo- 
roguanine. 8-aminoguanine. 8-hydrazinoguanine, 8-hydroxyguanine, 8-methylguanine, 8-thjoguanine ' and 3- 
deazaguanine. purine, substituted purine, for example, 2-aminopurine. 2.6KJIaminopurine. cytosine, substituted 
cytosine. for example. 5-ethylcytosine and 5-methylcytosine. thymine, uracil, 5-substituted uracil, for example 5- 
chlorouracil, 5-bromouracil, 5-ethyluracil, 5-iodouracil. 5-propyiuracil and 5-vinyturacil. adenine and substituted 
adenine, for example. 3-deazaadenine. 

The present invention further relates to the following processes: 



(R1) 
O 



B 



R"CO 0 OCR" - 

\/ \/ Lewis add 



o 
II 

R"CO 



0 

HO .hoR\ 
O B -^^^ 

\/ \/ Lewis add 



O 



O O B 

\/ \/ \y 



(IX) 



OOCtoSOOC 



wherein 

R" is an all^yl having 1 to 6 carbon atoms or an unsubstituted aryl or an aryl substituted by a substituent such as a 
halogen, e.g., bromine or chlorine, nitro. alkyI having 1 to 6 carton atoms or an alkoxy having 1 to 6 carbon atoms 
B IS a silylated purine or pyrimidine base, and R- is hydrogen or alkyI with 1 to 6 carbon atoms; preferably the molar 
ratio of compound (IX) to B is 1 :1 ; the corresponding substituted derivatives (R and R' in formula I other than hydro- 
gen) are obtained in an analogous manner. 
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<R2> 



CI 



<X> 



II (XI) 
-20°C to 25°C 

0 
II 

(R"0)2P, 



.CI 



B <XII) 
B 



wherein 

R' is an alkyi having 1 to 6 carbon atoms and B is a purine or pyrimidine i3ase; preferably compound (X) is 5 to 10 
times in excess of compounds (XI) and the prefen-ed molar ratio of compound (XII) to B is l :1 , the corressponding 
substituted derivatives (R and R' in fontiula I other than hydrogen) are obtained in an analogous manner. 

<R3> 



og HO P(0R~)2 (RW. A A? 
Peracid J 
OOC to 800C HO 



wherein 

compound (XIII) is preferably in a 5 to 10 times excess of compound (V); 



<R4) 




wherein 

X-Y is a halogen.e.g.. Brg. CIg, phenyl-Se-Z, phenyl-S-Z (wherein 2= halogen) and B Is a purine or pyrimidine base- 
preferably the molar ratio of compound (VI I) to X-Y is 1 : 1 ; 



(RS) 



o ' ^ 0 

(VII) (R"X)l2P OH (XIV) V 0 

[ J . ■ ■ 



Peracid 
-700C to 250C 



wherein 



R- is hydrogen or alkyl with 1 to 6 carbon atoms: preferably compound (XIV) is 5 to 10 times in excess of compound 



8 
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(V). 

DETAILED DESCRIPTION OF THE iNVEIMTIQN 

The compounds of the present invention can exist as optical isomers and both racemic and diasteromeric mixtures 
of these isomers which may exist for certain compounds, as well as the individual optical isomers are all within the 
scope of the present invention. While the racemic mixtures can be separated Into their individual Isomers through well- 
known techniques such as. for example, the separation of diastereomeric salts formed with optically active adjuncts, 
e.g.. acids or bases followed by conversion back to the optically active substrates; in most instances, for the compounds 
of the present invention, the preferred optical isomer can be synthesized by means of stereospecific reactions, begin- 
ning with the appropriate stereoisomer of the desired starting material. 

As indicated above, the present inventon also pertains to pharmaceutically acceptable non-toxic salts of these 
compounds, containing, for example. Na*. U-^. K*. Ca** and Mg-^. Such salts may include those derived by combina- 
tion of appropriate cations such as alkali and alkaline earth metal ions or ammonium and quaternary amino ions with 
the acid anion moiety of the phosphonic acid group. Metal salts can be prepared by reacting the metal hydroxide with 
a compound of this invention. Examples of metal salts which can be prepared in this way are salts containing U*. Na*. 
and K*. A less soluble metal salt can be precipatated from the solution of a more soluble salt by addition of the suitable 
metal compound. In addition, salts may be formed from acid addition of certain organic and inorganic acids, e.g.. HCl. 
HBr, H2SO4 or organic sulfonic adds, with basic centers of the purine, specifically guanine, or pyrimidine b^e. Finally 
it is to be understood that compounds of the present invention in their un-ionized. as well as zwitterionic form, and/or iri 
the form, of solvates are also considered part of the present invention. 

Compounds of the present invention also exist in subclasses, with two broad subclasses being those wherein B is 
either a purine or a pyrimidine base. Of these broad subclasses there are preferred classes wherein the purine base is 
a guanine or a substituted guanine moiety and where the pyrimidine bases are either thymine or cytosine. The most 
prefen-ed class of compounds are those wherein B is guanine or substituted guanine. 

Compounds of the present invention may also be subclassed according to the structure of the phosphonate moiety 
These classes are comprised of the diester, the monoester. and the diacid. Preferred subclasses of the phosphonate 
moiety are the monoester and the diacid. 

The compounds of this invention, including the physiologically acceptable safts thereof, have desirable antiviral and 
antitumor activity. They exhibit activity against viruses, for example. Herpes Simplex virus I, Herpes Simplex virus II 
cytomegalovirus. Varicella Zoster virus, influenza virus, vaccinia, polio, rubella, small pox. cowpox. Epstein-Ban- virus' 
measles virus, human respiratory virus, papillomavirus and sinbis virus, just to mention a few and also against retrovi- 
ruses, for example, human immunodeficiency virus (HIV). The inventive conpounds also have an antitumor effect. They 
are active against murine leukemia P388 and other experimental tumors. 

As mentioned above, the compounds of tiie present invention are useful active ingredients in human and veterinary 
medicine for the treatment and prophylaxis of diseases caused by retroviruses. Examples of fields of indication in 
human medidne regarding retroviruses are as follows: 

(1) the treatment or prophylaxis of human retrovirus infections; 

(2) the treatment or prophylaxis of diseases caused by HIV (virus of human immune defidency; previously called 
HTLV lll/LAV or AIDS) and tiie stages associated therewith such as ARC (AIDS related complex) and US (lymph 
adenopathy syndrome) and tine immune weakness and encephalopathy caused by this retrovirus; 

(3) the treatment or prophylaxis of HTLV I infection or HTLV II infection; 

(4) the treatment or prophylaxis of the AIDS carrier state (AIDS transmitter state); and 

(5) the treatment or prophylaxis of diseases caused by hepatitis B virus. 

Examples of indications in veterinary medicine are as follows: 

(1) Maedivisna (in sheep and goats). 

(2) progressive pneumonia virus (PPV) (in sheep and goats), 

(3) caprine arthritis encephalitis virus (in sheep and goats), 

(4) Zwoegerziekte virus (in sheep). 

(5) infectious virus of anemia (of the horse), and 

(6) infections caused by cat leukemia virus. 

For use against viral infections and against tumors, the compounds of tiiis invention can be formulated into phar- 
maceutical preparations. Such preparations are composed of one or more of the inventive compounds in assodation 
witii a pharmaceutically acceptable carrier. The reference Remington'^; Ph;^ rmaceutical RrJpnces. 17th griitinn by A R 
Gennaro (Mack Publishing Company 1 985) discloses typical carriers and metiiods of preparation 
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For antiviral purposes, the compounds may be administered topically or systemically to warn blooded animals, e.g., 
humans. For antitumor use, systemic, and preferably, parenteral administration is employed. By systemic administration 
is intended, oral, rectal, and parenteral (i.e., intramuscular, intravenous, subcutaneous and nasal) routes. Generally, it 
will be found that when a compound of the present invention is administered orally, a larger quantity of the reactive 
agent is required to produce the same effect as the smaller quantity given parenterally In accordance with good clinical 
practice, it is preferred to administer the instant compounds at a concentration level tiiat will produce effective antiviral 
or antitumor effect without causing any harmful or untoward side effects. 

Therapeutically and prophylactically the instant compounds are given as pharmaceutical compositions comprised 
of an effective antiviral or antitumor amount of a compound according to the invention or a pharmaceuticaily acceptable 
salt tiiereof and a pharmaceuticaily acceptable carrier, as stated hereinabove. Pharmaceutical compositions for effect- 
ing such treatinent will contain a major or minor amount, e.g.. from 95 to 0.5% of at least one compound of tiie present 
invention in combination with a pharmaceutical cannier, the carrier comprising one or more solid, semi-solid, or liquid 
diluents, fillers and formulation adjuvants which are non-toxic, inert and pharmaceuticaily acceptable. Such pharma- 
ceutical compositions are preferable in dosage unit form; i.e., physically discrete units containing a predetermined 
amount of tiie drug con-esponding to a fraction or multiple of the dose which is calculated to produce the desired ther- 
apeutic response. Other therapeutic agents can also be present. Pharmaceutical compositions providing from about 1 
to 50 mg of the active ingredient per unit dose are prefenred and are conventionally prepared as tablets, lozenges, cap- 
sules, powders, aqueous or oily suspensions, syrups, elixirs, and aqueous solutions. Preferred oral compositions are in 
the form of tablets or capsules and may contain conventional excipients such as binding agents, (e.g., syrup, acacia, 
gelatin, sorbitol, tragacanth or polyvinylpyrrolidone), fillers (e.g., lactose, sugar, corn starch, calcium phosphate, sorbi- 
tol, or glycine), lubricants (e.g.. magnesium stearate, talc, polyetiiylene glycol or silica), disintegrants (e.g.. starch) and 
wetting agents (e.g., sodium lauryl sulfate). Solutions or suspensions of an inventive compound with conventional phar- 
maceutical vehicles are enployed for parenteral compositions, such as an aqueous solution for irtravenous injection or 
an oily suspension for intramuscular injection. Such compositions having the desired clarity, stability and adaptability for 
parenteral use are obtained by dissolving from 0.1% to 10% by weight of an active inventive compound in water or a 
V hide comprising a polyhydric aliphatic alcohol such as glycerine, propylene glycol, and polyethylene glycol or mix- 
tures thereof. The polyetiiylene glycols comprise a mixture of non-volatile, usually liquid, polyethylene glycols which are 
soluble in both water and organic liquids and have molecular weights from about 200 to 1500. 

Considering tiie biological activities possessed by the compounds of tiie instant invention, it can be seen tiiat these 
compounds have antitumor and antiviral properties, particularly suited to their use in combating viral infections or 
tumors. TTius. another aspect of tiie instant invention concerns a process for ti-eatlng viral (including retroviral) infections 
or tumors in a mammal in need of such treatment which comprises systemic or topical administration to such mammal 
of an effective dose of an inventive compound or a pharmaceuticaily acceptable salt thereof. On tiie basis of testing, an 
effective dose could be expected to be from about 0.01 to about 30 mg/kg body weight witti about 1 to about 20 mg/kg 
body weight a preferred dosage range. It is envisioned that for clinical antiviral application compounds of the instant 
invention will be administered in the same manner as for the reference drug acyclovir. For clinical applications, however, 
the dosage and dosage regimen must in each case be carefully adjusted, utilizing sound professional judgment and 
consideration of the age, weight and condition of tiie recipient, the route of administintion and the nature and gravity of 
the illness. Generally a daily oral dose will comprise from about 150 to about 750 mg. preferable 250-500 mg of an 
inventive compound administered from one to three times a day In some instances, a sufficient tiierapeutic effect can 
be obtained at lower doses, while in others, larger doses will be required. 

In tiie reaction (process) (R1) described above, non-limiting examples of Lewis acids include BF3ether, TiC^ and 
BCI3. 

In the reactions (processes) (R3) and (R5) described above, non-limiting examples of peracids include the follow- 
ing: m-chloroperbenzoic acid, trifluoroperacetic acid and perbenzoic acid. 

The reactions (process^) (R1) to (R5) described above are preferably conducted at atmospheric pressure and 
preferably conducted in the presence of a solvent. e.g., CH3CN, CH2CI2. CICHgCHgCI, CHCI3, THF, dioxane. diethyl- 
etiier. benzene or toluene. 

Description of the Specific Embodiments 

The compounds which constitute this invention and tfieir metiiods of preparation will appear more fully from a con- 
sideration of the following examples which are given for the purpose of illustration only and are not to be construed as 
limiting the invention in sphere or scope. In addition to tiie conrpounds described in the following examples, furtiier com- 
pounds encompassed by the present invention are as follows: 

9-[(2-Hydroxy-1-phosphonometiioxyethoxy)methylIadenine disodium salt 
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0 
II 



) 

r 




10 

HO' 



9-[(2-Hydroxy-1-phosphonomethoxyethoxy)methyl]cylosine discxiium salt 

15 

NH2 



20 



25 



0 tS^^ 

HO 



9-[(2-Hydroxy-1-phosphonomethoxyethoxymethyl]thymine disodium salt 



50 



35 



40 



0 ifj^^H^ 



In the following examples, afl tenrperatures are understood to be in degrees C when not specrfied. The nuclear 
magnetic resonance (NMR) spectral characteristics refer to chemical shifts (5) expressed in parts per milion (ppm) ver- 
sus tetramethylsilane (TMS) as a reference standard. The relative area reported for the various shifts in the proton NMR 
45 spectral data con-esponds to the number of hydrogen atoms of a particular functional type in the molecule. The nature 
of the shifts as to multiplicity is reported as broad singlet (bs), singlet (s). multiplet (m), doublet (d). doublet of doublets 
(dd), triplet (t) or quartet (q). Abbreviations employed are: 



ACV 


(acyclovir) 


50 BID 


(twice a day) 


CDCI3 


(deuterochloroform) 


DMf 


(dimethylformamide 


DMSO-de 


(perdeuterodimethylsulf oxide) 


EMEM 


(Earle's Minimum Essential medium) 


55 Et 


(ethyl) 


HIV 


(human immune deficiency 


HSV 


(Herpes simplex virus) 


MuLV 


(murine leukemia virus) 


NOE 


(Nuclear Overhouser Effect) 
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PFU (plague forming units) 
IMS (trimethylsilyl) 



Me (methyl) 

Ac (acetyl) 

Pv (pivaloyi) 

Ph (phenyl) 



All compounds gave satisfactory elemental analyses. 

The invention will now be described with reference to the following non-limiting examples. 



Examples! 



Example 1: Bisbenzovloxymethvl ether m 



0 

i! 

PhCO 



0 

It 

OCPh(l) 



To a suspension of sodium benzoate (5.0 g, 34,7 mmol) in DMF (70 ml) was added bischloromethyi ether (20 g, 
1 7.3 mmol) and the mixture was heated at 70«C for 16 hours. The insoluble material was removed by filtration. The fil- 
trate was concentrated inv^cgo to give a white crystal which was recrystallized from ether-pentane: yield 4.5 g (91%); 
nop 39°C. 

Analysis: Calc. for C16H14O5: C. 67.12; H. 4.92. 
Found; C, 66.87; H, 4.94. 

^H-NMR (200 MHz, CDCI3); 6 5.66 (s. 4H). 7.75-8.05 (m.lOH). 

Example 2: 1-rfBen20vlQxv methvQxv)methvl1thvmine (2\ 



(1) A suspension of thymine (12.6 g. 0.1 mole), ammonium sulfate (300 mg) and trimethylsilyl chloride (2.5 ml) in 
hexamethyldisiiazane (150 mL) was heated at 140'*C for 16 hours under nitrogen. The volatiies were removed in 
yacuQ at 50*'C and the residual oil was dissolved in xylene (30 mi) and concentrated to dryness. 

(2) To a solution of the silylated thymine in CHgCIs (200 ml) was added bisbenzoyloxymethyl ether (30 g, 0.1 mol) 
and trimethylsilyl trifluoromethanesulfonate (50 ml). The solution was stirred for 8 hours at 25*>C under'nitrogen 
The reaction was diluted with ethyl acetate (400 ml) and washed with aqueous sodium carbonate, brine, dried 
(MgS04), filtered and concentrated In yacufi. The crude oily material was purified by silica gel column chromatog- 
raphy using CH2Cl2-5% MeOH as an eluent to give the title compound as white crystals: yield 14.5 g (50%); mp 



Analysis: Calc. for C14H14N2O5: C, 57.93; H, 4.82; N. 9.65. 
Found: C, 57.59; H. 4.90; N. 9.52. 

13C-NMR (50.3 MHz, dgDMSO): 5 70.779, 72.477. 72.915, 73.349. 82.985. 105.563. 123.376 124 076 124 368 
128.383,134.397,146.260.159.451,160.211. » . . , 

1H-NMR (CDCI3): 6 1.82 (s.3H). 5.38 (s. 2H), 5.62 (s. 2H), 7.10 (S.IH). 7.4-8.0 (m 5H) 



0 
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Example 3: 

1 -rf DiethvlphosDhonomethoxv)methoxv methvnthvmine (3^ 



0 



0 




<3> 



To a solution of 1-[3(benzoyloxy)methoxymethyllthymlne (2.9 g, 10 mmol) and diethylphosphonomethanol (1 .85 g. 
1 1 mmol) in benzene (1 80 ml) was added trimethylsiiyi trif luoromethanesulfonate (0.05 ml) via a syringe under nitrogen! 
The solution was heated at 85''C for 20 minutes. After cooling to room temperature, ethyl acetate (50 ml) was added 
and washed with aqueous bicarbonate, brine dried (MgS04). filtered and concentrated in vacuo. The resultant yellow 
oil was purified by silica gel column chromatography using CH2Cl2-5% MeOH as an eluent to give the title compound 
as a white oil: yield 980 mg (30%). 

H^-NMR (200 f^Hz. CDCI3): 6 1.39 (t, J = 6.6 Hz, 6H). 1.98 (s. 3H). 3.85 (d. J = 9.9 Hz, 2H). 4.1-4.3 (m 4H) 4 82 
(s. 2H), 5.20 (s. 2H). 7.20 (s, 1 H), 9.0 (broad s. 1 H). ' ' ' 

Example 4: 

1-f3-(EthYlPhQSPhQnQmethQxv)methvlQxvmethvll1thvmine sn d ium salt (A\ 



A solution of 1-[(diethy(pho^honomethoxy)methoxymethyI]thymine (400 mg. 1.2 mmol) in IN NaOH (8 ml) was 
stirred for 3 hours at 25''C. The solution was concentrated in vacuo and the resultant solid was purified by C- 18 reverse 
phase column chromatography using water as an eluent under 0.56 bar (8 psi) pressure. The fractions having ultraviolet 
absorption were checked with HPLC, combined and lyophilized to give the title compound as a white amorphous oow- 
der: yield 220 mg (55%). 

Analysis: Calc. for CioH^eNgOyPNa H2O: C, 34.48; H. 5.17; N. 8.05. Found: C. 34.92; H. 5.37; N 8 35 
UV (H2O): X max 226 nm (8 =6966). 

^^C-NMR (50.3 MHz, D2O): 6 11.451, 15.843, 61.067. 61.826, 63.585. 75.247, 94.631, 1 1 1.049. 141.277. 155.20. 



^H-NMR (200 MHz. D2O): 6 1.19 (t. J = 6.8 Hz. 3H). 1.81 (s. 3H). 3.62 (d. J = 8.9 Hz. 2H). 3.8-4 1 (m 2H) 3 62 
2H), 4.78 (S, 2H), 5.20 (s, 2H), 7.45 (s, 1 H). 



0 




<4) 



170.907. 
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Example 5: 1 -rfPhosohonom thoxvlmefthoxvmethvnthvmine disodium salt (S) 




To a solution of 1 -[3'-(ethylphosphonomethoxy) methoxymethyl]thymine sodium salt (300 mg. 0.9 mmol) in dry DMF 
IS (5 ml) was added bromotrimethylsilane (1 ,5 ml) under nitrogen. After stirring 3 hours at 25°C, volatiles were removed in 
yaciKi and the residue was dissolved in aqueous saturated bicartxjnate and re-evaporated io vacuo to a solid foam. 
Purification of this material by a C-18 reverse phase column chromatography using water as eluent under 0.56 bar (8 
psi) pressure and lyophilization of combined fractions gave the title compound as a white amorphous foam* Yield 140 
mg (48%). 

20 

Analysis: Calcd. for C8N^iN207PNa2: C, 29.64; H, 3.42; N. 8.64. Found: C. 29.91; H. 3.61; N. 9.16. 
UV (H2O): X max 266 nm (e = 8100). 

i^H-NMR (200 MHz, DgO): 6 1.75 (s. 3H), 3.27 (d, J = 8.5 Hz. 2H). 4.71 (s. 2H). 5.1 1 (s. 2H), 7.74 (s, 1H). 
25 Examole 6: 



2-Amino-6-chloro-9-ffdiethvlDhosDhonomethoxv)methQxvmethvnourine (8) 



30 



35 



40 



50 



55 




<6) 



To a suspension of 60% sodium hydride in mineral oil (1.4 g, 34.5 mmol) in n-pentane (100 ml) at 0°C was added 
dropwise diethyl phosphate (4.4 mL, 34.5 mmol) under nitrogen. After stirring for 1 hour at O^C, a solution of bis(chlo- 
romethoxy)methane (25 g, 172 mmol) (prepared according to the literature procedure: RR. Strapp. J. Oro. Chem .. 34, 
1 143 (1969) in n-pentane (50 ml) was added at -70°C. The mixture was stirred for 90 minutes at 0*^0, and then the sol- 
45 vent was evaporated under reduced pressure. The residual oil was dissolved in xylene and volatiles were removed in 
yacuQ to give crude chloromethoxy-(diethoxyphosphonomethoxy)methane. Without further purification, this material 
was used for the next reaction. 

To a suspension of 60% sodium hydride in mineral oil (1.4 g, 34.5 mmol) in DMF (100 ml) was added 2-amino-6- 
chloropurine (5.78 g. 34.2 mmol) and the mixture was stirred for 1 hour at 25''C. To the resulting yellow solution was 
added dropwise a solution of above chloromethoxy(diethylphosphonomethoxy)methane in DMF (20 ml) under nitrogen. 
After stirring 15 hours at 25°C, volatiles were removed In vacuo. The residual oil was suspended in ethyl acetate (100 
ml), washed with water (30 ml), brine and dried (MgS04). The solvent was removed under reduced pressure, and the 
residual oil was chromatographed on silica gel using CH2Cl2-3% MeOH as an eluent to give the title compound as a 
colorless oil: yield 3.0 g (23%). 



^H-NMR (300 MHz. CDCI3): 6 1 .395 (t, J = 6.9 Hz. 6H). 3.850 (d. J = 9,0 Hz, 2H). 4,05-4.20 (m, 4H). 4 697 (s 2H) 
5.323 (broad s. 2H) 5.578 (s, 2H, 7.889 (s, 1 H). 
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Example 7: 

9-r(MethvlphosDhonomethoxv)methoxvmethvnauanine sodium salt (7) 



neO-P 




ONa 



To a solution of 2-amino-6-chloro-9-[3-(cliethylphosphonomethoxy)methoxy-methyl] purine (325 mg, 0.84 mmol) in 
methanol (5 ml) was added 1N sodium methoxide in methanol (10 ml). The solution was heated at 80**C for 1 hour 
under nitrogen. Volatiles were removed under reduced pressure. The residual oil was then dissolved in water (10 ml) 
and the solution was heated at 100'*C for 1 hour. The pH of the solution was carefully adjusted to 8.0 at 0°C by dropwise 
addition of 1 N-HCI. Water was then evaporated in vacuo and the residual oil was purified by a reverse phase col- 
umn using water as an eluent to give the title compound as a white solid: yield 185 mg(60%). 

Analysis: Calcd. for CgHiNsOePNa 4H2O: C, 26.13; H, 5.12; N, 16.95. Found: C, 26.05; H. 4.99; N, 16.64. 
UV (H2O): X max 254 nm (e = 14,372), 274 nm (e = 9.788). 

^^C-NMR (75.47 MHz. DgO): 6 51.875. 60.464. 63.627. 70.005. 94.711, 94.952, 116.171, 139.925. 151.665, 
154.428, 159.278. 

^H-NMR (300 MHz. D2O): 3.677 (d. J 10.3Hz, 3H), 3.620 (d. J = 9.0 Hz, 2H), 4.817 (s, 2H), 5.539 (s. 2H), 7.882 
(s. 2H). 

Example 8; 9-r3-(Phosphonomethoxv)methoxvmethvnQuanine disodium salt (8) 



To a solution of 9-[(methylphosphonomethoxy)methoxymethyl]guanine (1.5 g. 4.4 mmol) in DMF (5 ml) was added 
bromotrimethylsilane ( 5 ml) under nitrogen. After stirring 3 hours at 25*'C, the volatiles were removed in y§cuo and the 
residue was neutralized to pH 8.0 by addition of aqueous saturated sodium bicarbonate. Water was then evaporated in 
vacuo, and the residue was purified by a C18 reverse phase column using water as an eluent under 0.56 bar (8 psi) 
pressure to give the title compound as a white powder: yield 900 mg (59%). 

Analysis: Calcd. for CsHioNsOsPNa 3H2O: C. 23.84; H. 4.01; N. 17.37. Found: C.23.99; H, 3.92; H. 17.21 
UV (H2O): X max 252 nm (e = 12.1 13), 274 nm (e = 8,201). 

^^C-NMR (75.47 MHz, DgO): 5 67.016. 69.018, 70.746. 95.680, 95.831, 118.192, 141.812. 153.576. 157.386, 
162.493. ""H-NMR (300 MHz, DgO): 6 3.525 (d, J = 8.9 Hz. 2H). 4.766 (s. 2H). 5.539 (s. 2H). 7.892 (s, IN). 
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Example 9: 



9-ffDiethvlDhosphonomethoxv^methoxvmethvnadenine (91 




NH 



(9) 



To a suspension of 60% sodium hydride in mineral oil (1 ,4 g, 34.5 mmol) in DMF (100 ml) was added adenine (4.7 
g. 34.5 mmol) and the mixture was stirred at 80'C for 1 hour. To the resulting yellow solution was added dropwise a 
solution of chloromethoxy-(diethoxyphosphinolmethoxy)methane [(prepared from diethylphosphate (4.4 ml, 34.5 mmol) 
and bis-{chloromethoxy)methane (25 g, 172 mmol)] In DMF (20 ml) under nitrogen. After stin'ing at 25*C for 15 hours, 
volatiles were removed in vacuo, and the resulting oily residue was purified by silica gel column chronnatography using 
CI-l2Cl2-10% MeOH as an eluent to obtain the title compound as a colorless oil: yield 6.0 g (50%). 

^H-NMR (300 MHz, CDCI3): 6 1.390. (t. J = 6.7 Hz, 6H), 3.821 (d. J = 9.2 Hz. 2H), 4.05-4.18 (m. 4H), 4.785 (s. 2H). 
5.690 (s. 2H), 6.20 (broad s. 2H). 7.921 (s, 1H). 8.295 (s, 1H). 

Example 10: 9-[3-fPhosphonomethoxy)methoxvmethvl]adenine disodium salt (10) 



To a solution of 9-[(diethyiphosphonomethoxy)methQxymethyl]adenine (600 mg, 1.7 mmol) in DMF (4 mL) was 
added bromotrimethylsllane (5 ml) under nitrogen. After stirring 3 hours at 25'*C, the volatiles were removed in vacuo 
and the residue was neutralized to pH 8.0 by addition of aqueous saturated sodium bicarbonate. Water was tiien evap- 
orated in vacuo, and the residue was purified by a C^a reverse phase column using water as an eluent under 0.56 bar 
(8 psi) pressure to give the title compound as a white powder: yield 280 mg (50%). 

Analysis: Calcd for CsNioNsOsPNaa (SHgO + 0.2 mol NaCI): C. 22.08; H, 472; N, 16.10. Found: C. 22.15; H. 4.64; 
N. 16,26. 

UV (H2O): X max 260 nm (e = 12,016) 

l=^C-NMR (75.47 MHz, D2O): 5 66.913. 68.917, 71.033, 95.729. 95.940. 120.228, 144.611, 150.754, 154.766. 
157.370. 

^H-NMR (300 MHz, DgO): 3.486 (d, J = 8.9 Hz. 2H), 4.779 (s. 2H), 5.710 (s, 2H). 8.177 (s. 1H). 8.226 (s. 1H). 




<10) 
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Example 11; 



1-rfDiethYlpho^honQm6thQ?(y)m?thoxYmetriy|]CYtosinQ (11) 




<11) 



To a suspension of 60% sodium hydride In mineral oil (700 mg, 1 7 mmol) In DMF (50 ml) was added cytosine (1 .9g, 
17 mmol) arxJ the mixture was heated at 80**C for 2 hours under nitrogen. To the resulting yellow solution was added 
dropwise a solution of chloromethoxy(diethytphosphonomethoxy)methane [prepared from diethylphosphate (2.4 g, 17 
mmol) and bls(chloromethoxy)methane (12.5 g. 86 mmol)] In DMF (10 ml) under nitrogen. After stirring 15 hours at 
25<>C, the vdatiles were removed In vacuo. The residue was dissolved in ethyl acetate (1 20 mL) and water (30 mi). The 
organic phase was washed with brine and dried (MgS04). After removal of the solvent in vacuo, the residual oil was 
chromatographed on silica gel using CH2Cl2-10% MeOH as an eluent to give the title compound as a white oil: yield 1 .2 
g (22%). 

^H-NMR (300 MHz. CDCI3): 6 1.390 (t. J = 6.9 Hz. 6H), 1.90 (broad s. 2H), 3.815 (d, J = 9.0 Hz. 2H). 4.05-4.20 (m. 
4H), 4.752 (s, 2H), 5.20 (s, 1H), 5.853 (d. J = 74 Hz, 1H). 7.312 (d, J = 7.4 Hz, 1H). 

Example 12: 1-r(PhosDhonomethoxv)methoxvmethvncvtosinedisodium salt (12^ 



To a solution of 1-[diethylphosphonomethoxy)methoxymethyl]cytosine (1.2 g, 3.7 mmol) in DMF (5 ml) was added 
bromotrimethylsilane (5 ml) under nitrogen. After stin'ing 3 hours at 25*'C, the volatiles were removed In vacuo and the 
residue was neutralized to pH of 8.0 by the addition of aqueous saturated sodium bicarbonate. Water was then evapo- 
rated in vacuo and the residue was purified by a C^e i^e^erse phase column using water as eluent under 0.56 bar (8 psi) 
pressure to give the title compound as a white solid: yield 460 mg (47%). 

Analysis: Calcd. for C7H11 NaOePNaa (3 HgO + 5% NaCI): C, 21 .99; H, 4.22; N, 10.99. Found: C, 21 .72; H, 4.65; N. 
10.78. 

UV (H2O): X max 268 nm (e = 8.245) 

^^C-NMR (75.47 MHz, D2O): 5 66.876, 68.873. 77.710, 96.141, 96.284, 98.178. 148.355, 160.409, 162.543. ^H- 
NMR (300MHz, D2O): 6 3.560 (d, J = 9.0 Hz. 2H), 4.849 (s, 2H), 5.313 (s. 2H). 6.03 (d, J= 7.3 Hz. 1H). 7714 (d, J 
= 7.3 Hz. 1H). 




NH 
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Example 13: [2'fPhenvlselenvnethoxv1methvl chloride (131 



PhSe- 




<13) 



To a solution of 2-(phenylselenyl)ethanol (4.0 g, 20 mmol) [prepared according to the literature procedure: R Rollin, 
V.V Bencomo. R Sinay. Synthesis. 13 (1984] in CH2CI2 15 ml) was added paraformaldehyde (620 mg, 20 mmol). HCI 
gas was then bubbled into the solution at S'C for 2 hours. The solution was dried (MgS04). and the solvent was 
removed under reduced pressure to give the title compound as a colorless oil in a quantitative yield. 

^H-NMR (300 MHZ, CDCI3: 5 3.059 (t. J = 7.0 Hz, 2H). 3.882 (t, J = 7.0 Hz, 2H), 5.449 (s. 2H). 7.2-7.5 (m, 5H). 

Example 14: 

2- Amino-6-chloro-9-f f2-fDhenvlselenvnethoxv)methvnDurine ( 1 41 



A mixture of 2-amino-6-chloropurine (20 g. 118 mmol) add ammonium sulfate (400 mg) in hexamethyldisilazane 
(400 ml) and chlorotrimethylsilane (6ml) was heated at 145°C for 5 hours under nitrogen. Volatiles were removed in 
vacuo and the residue was evaporated with xylene twice, and further dried in vacuo for 3 hours. The crude silylated 2- 
amino-6-chloro-purine (15 g. 72 mmol) and mercuric cyanide (15 g, 59 mmol) in benzene (900 ml) was heated at reflux 
for 30 minutes, then a solution of 2-(phenylselenyl)ethoxymethyl chloride (17 g, 68 mmoi) in benzene (100 ml) was 
added. The mixture was refluxed for 3 hours, and then allowed to stir for 15 hours at 25°C. The reaction was diluted with 
CH2CI2 (300 ml), and then quenched with aqueous saturated bicarbonate (2 1). The organic phase was washed with 2N 
potassium iodide (200 ml), dried (MgS04) the solvents were removed in vacuo . The residual oil was chromato- 
graphed on silica gel using CH2Cl2-5% MeOH as an eluent to provide the title compound as a slightly yellow foam: yield 
15.0 g (63%). 

Analysis: Calcd. for Ci4Hi4N50CISe ^/2 HgO C, 42.93; H, 3.86; N, 17.88. Found: C, 42.92: H, 3.80: N. 17.59 
H^-NMR (300 MHz. CDCI3): 6 2.961 (t, J = 6.9 Hz. 2H). 3.704 (t. J ■ 6.9 Hz. 2H), 5.196 (broad s. 2H). 5.420 (s. 2H), 
7.1-7.4 (m,5H), 7.806 (S, 1H). 

^^C-NMR (75.47 MHz, CDCI3): 5 26.041. 69.144, 72.710, 127.206, 128.653, 128.846, 131.232. 136.062. 144.946, 
151.190. 151.833, 152,298. 

Example 15: 2-Acetamino-6-chloro-9-f(2-(p henvlselenvnethoxvlmethvnpurine nsi 



CI 




CI 




(15) 
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A solution of 2-amino-6-chloro-9-[(2-phenylselenyl)ethoxy)methyl]purine (8 g, 21 mmol) in acetic anhydride (80 ml) 
was heated at 55°C for 40 hours. Volatiles were removed in vacuo and the residual oil was purified by silica gel column 
chromatography using CH2Cl2-40% EtOAc as an eluent to give the title compound as a yellow powder: yield 5.8 g 
(65%). 

Analysis: Calcd. for CigHieNaOaCISe: C, 45.25: H, 3.80; N, 16.49. Found: C. 45.12; H, 3.90; N. 16.47. 

^H-NMR (300 MHz. CDCI3): 6 2.49 (s. 3H). 2.961 (t. J = 6.9 Hz. 2H), 3.756 (t, J = 6.9 Hz. 2H). 5.541 (s. 2H). 7.2- 

7.4 (m.5H), 8.063 (s. IN). 

■Example 16; 

2-Acetamino-6-chloro-9-(vinvloxvmethvnDurine (^G) 



To a solution of 2-acetamino-6-chloro-9-[(2-(phenylselenyl)ethoxy)methyl]purine (424 mg, 1 mmol) in methanol (20 
ml) was added sodium bicarbonate (92 mg, 1 . 1 mmol) and sodium periodate (320 mg, 1 .5 mmol). After stirring at 25°C 
for 30 minutes the mixture was filtered and evaporated to dryness. The residue was dissolved in dioxane (20 ml) and 
the solution was heated at 80*C for 20 minutes under nitrogen. The solution was evaporated In vacuo and the residual 
oil was chromatographed on silica gel using CH2Cl2-20% MeOH as an eluent to give the title compound as a slightly 
yellow foam: yield 220 mg (60%). 

Analysis: Calcd. for C10H10N5O2CI: C, 44.88; H, 3.77; N, 26.17. 
Found: C. 44.57; H, 3.83; N. 25.82. 

Example 17: 

2-Acetamino-6-chloro-9-rf 1 -(dimethvlDhosDhonomethoxv)ethoxv)methvllDurine f 1 7) 



To a solution of 2-acetamino-6-chloro-9-(vinyloxy)methyl-purine (2.2 g, 6.0 mmol) and dimethylphosphonometha- 
nol (1 .67 g, 12.0 mmol) in chloroform (100 ml) was added 120 mg of methanesulfonic acid. After heating at 60°C for 2 
hours, the solvent was removed in vacuo and the residual oil was chromatographed on silica gel using CH2Cl2-10% 
MeOH as an eluent to give the title compound as a colorless oil: yield 1 .2 g (50%). 

NMR (75.47 MHz, CDCI3): 18.794. 25.054. 53.064, 53.218. 55.743. 59.056. 68.071. 99.254. 99.502, 127.921. 
1 44.576, 1 51 .598. 1 52.645. 1 70.299. 

^H-NMR (300 MHz. CDCI3): 8 1.347 (d, J = 8.1 Hz. 3H), 2.519 (s. 3H). 3.852 (d. J = 16.2 Hz. 6H). 5.029 (q. J = 8.1 



CI 




<16) 




<17) 
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Hz. 1H), 5.648 {d. J = 15.6 Hz. 1H), 5.791 (d. J = 15.6 Hz. 1H). 7.275 (s, 1H), 8.201 (s. 1H). 
Example 18: 

5 9-[(1-fPhosphQnomethoxvethoxv)methvnauanine disodium salt ri8) 




20 To a solution of 2-acetamino-6-chloro-9-I{1 -dimethylphosphonomethoxy)ethoxy)methyl]purine (1 .2 g. 2.95 mmol) in 
methanol (5 ml) was added 1 N sodium methoxide in methanol (10 ml). After stimng at 25°C for 1 hour, water (10 ml) 
was added and the solution was heated at 90°C for 1 hour under nitrogen. Volatiles were removed in vacuo and the 
residual oil was purified by C^a reverse phase column chromatography using water as an eluent under 0.56 bar (8 psi) 
pressure. Each 10 ml fraction was assayed by high pressure liquid chromatography. The combined fractions were 

25 lyophilized to give a white solid. This material was dissolved in DMF (20 ml) followed by bromotrimethylsilane (5 ml). 
After stirring 2 hours at 25'*C. volatil es were removed jn vacuo and the residue was purified by a C-i a reverse phase col- 
umn using water as an eiuent under 0.56 bar (8 psi) pressure to give the title compound as white amorphous powder 
after lyophilization: yield 245 mg (24%). 

30 Analysis: Calcd. for C9Hi2N506PNa2 4H2O: C. 25.78, H, 4.80; N. 16.70. 
Found: C. 25.93; H, 4.44; N. 16.91. 
UV (H2O): k max 252 nm (e=9751). 

^^C-NMR (75.47 MHz, D2O): 5 20.859. 64.079, 66.088, 70.423, 102.054, 102.241. 119.11, 140.287. 153.110 
162.211.168.712. 

35 ^H-NMR (300 MHz, DgO); 5 1.195 (d, J = 6.3 Hz. 3H). 3.305 (dd. J = 8.9, 8.4 Hz. 1H), 3,496 (dd. J = 8.9, 8.4 Hz. 
1H). 4.874. (q. J = 6.3 Hz. 1H). 5.475 (dd. J = 14.0. 1 1.1 Hz. 1H). 5.523 (dd. J = 14.0. 1 1.1 Hz. 1H), 7.790 (s. 1H)! 

Example 19 : 



40 1 -(5-MethQxvtetrahvdro-2-furvinhvmine ri9) 



45 




To a suspension of thymine (2.5 g. 20 mmol) in hexamethyldisilazane (30 ml) was added ammonium sulfate (50 
mg) and chlorotrimethylsilane (0.5 ml) and the mixture was heated at 145°C for 4 hours under nitrogen. The excess hex- 
amethyldisilazane was removed at reduced pressure, and the residual oil was dissolved in xylene and evaporated in 
55 y§cuQ to give a colorless viscous oil. To this silylated thymine in dichloroethane (40 ml) was added 2,5-dimethoxytet- 
■ rahydrofuran (7 ml). After cooling the solution to -30°C. tin tetrachloride (2.3 ml) was added dropwise via a syringe 
under nlti-ogen. The mixture was allowed to warm t -1 0°C and was then poured into ice cold aqueous sodium bicarbo- 
nate (100 ml) and ethyl acetate (150 ml). The mixture was filtered and the organic phase was separated and dried 
(MgS04). The solvent was removed under reduced pressure and the residual oil was chromatographed on silica gel 
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using CH2Ct2-5% MeOH as an eluent to give the title conpound as a cis/trans mixture in a ratio of 1 :1 as shown by ana- 
lytical HPLC and ^H-NMR: yield 3.4 g (75%). 

Analysis: Caicd. for C10H14N2O4: C, 53.08: H, 6.24; N, 12.39. 
5 Found: C, 52.81 ; H, 6.22; N. 12.38. 

UV (EtOH): Xmax 266 nm (e = 9076). 

^H-NMR (300 MHz. CDCI3): 6 1.4-2.1 (m. 7H). 3.40 and 3.425 (two s. 3H). 5.20 and 5.328 (two broad s. 1h). 6.208 
and 6.417 (two dd, J = 3.5, 7.0 HZ and 7.2, 7.2 Hz, 1 H). 7.021 and 7.40 (broad s. 1 H). 

10 The ds/trans (1 9A/1 9B) mixture was separated by a careful silica gel column chromatography. Thus, the cis isomer 
19A was eluted first with CH2Cl2'3% MeOH and obtained as a white needle. The X-ray crystallography and the NOE 
(Nuclear Overhauser Effect) nmr confirmed the cis stereo-chemical arrangement of 19A. mp 153-154**C. 

Analysis: Calcd, for C10H14N2O4: C. 53.09; H, 6.24; N, 12.38. 
75 Found: C. 52.92; H, 6.20; N, 12.10. 

^^C-NMR (75.47 MHz, CDCI3): 6 12.634, 29.417. 32.157. 55.202, 105.883. 111.411, 135.952, 139.553, 150.938. 
163.906. 

^H-NMR (300 MHz. CDCIa): 6 1.950 (s, 3H), 1.9-2.3 (m, 4H). 3.40 (s. 3H). 5.20 (t, J = 2.9 Hz, 1H). 6.417 (dd. J = 
20 4.0, 7.2 Hz, 1 H). 7.40 (s. 1 H). 8.781 (S, 1 H). 

Continuing the column with CH2Cl2-3% MeOH, the trans Isomer 19B was eluted after the ds isomer 19A and was 
obtained as white needles. The NOE observation of 19A was consistent with the assigned structure: mp 124-125°C. 

25 Analysis: Calcd. for C10H14N2O4: C, 53.09; H. 6.24; N. 12.38. 
Found: C 53.10; H. 6.10; N, 12,00. 

^ H-NMR (75.47 MHz. CDCI3): 6 1 .920 (s. 3H). 2.0-2.5 (m. 4H). 3.425 (s, 3H), 5.328 (dd, J = 2.5, 6.0 Hz. 1 H), 6.208 
(dd. J = 3.5, 7.0 Hz, 1H), 7.021 (s, 1H), 8.885 (s. 1H). 



30 



35 



40 



Example 20: 

1 •(5-DimethvlphosDhonomethoxvtetrahydro-2-furvl)thvmine (20) 




<ntO), P 



45 To a solution of 1-(5-methoxytetrahydro-2-furyl)thymine (5.2 g. 23 mmol) and dimethylphosphonomethanol (6.5 g, 
44 mmoi) in toluene was added acetic acid (5 ml) and p-toluenesulfonic acid monohydrate (500 mg, 2.6 mmd). The 
solution was heated at 100°C for 2 hours and the resulting insoluble solid was removed by suction filtration. After 
removal of the solvent under reduced pressure, the residual oil was chromotographed on silica gel using CH2Cl2-5% 
MeOH as an eluent to give the title compound as a cis/trans mixture (6:4): yield 5.0 g (60%). 

50 

^H-NMR (300 MHz. CDCI3): 6 1.9-2.2 (m, 10H). 3.8-4.1 (m, 6H), 5.198. 5.445 (broad s. 0,6 and 0.4H). 6.250 (dd, 
J = 2.8. 7.5 Hz, 0.4H). 6.437 (t. J = 7.4 Hz, 0,6H), 7.052 (s. 0.4H), 7.405 (s, 0.6H), 9.60 (broad s, 0.6H). 7.628 
(broad s. 0.4H). 

55 
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E)^ample21: 

V(5-MethviphosDhonomethoxvtetrahv dro-2-furvhthvmine sodium salt (21) 

5 



0 



10 




To a solution of 1-{5-dlmethylphosphonomethaxytetrahydro-2-furyl)thymine (5 g. 14.6 mmol) in methanol (10 ml) 
was added 2N sodium hydroxide (20 ml). After stirring 2 hours at 25°C, the reaction was neutralized to pH 8.0 by addi- 
tion of 3N-HCi with stirring. Water was then evaporated in vacuo and the residual oil was purified by a Ci8 reverse 
20 phase column using water as an eluent to give the title compound as a white powder. This material was shown to be a 
1 :1 cis/lrans (21 A/21 B) mixture by analytical HPLC and ^H-NMR: yield 3.2 g (65%). 

Analysis: Calcd. for CiiHi6N207NaP 2H2O: C, 34.92; H. 5.29; N. 7.40. 
Found: C, 34.93; H. 4.99; N. 7.43. 
25 UV(H20):A,max268nm(e = 8668). 

^H-NMR (300 MHz. DgO): 6 1.842 (s. 1.5H), 1.894 (s. 1.5H). 1.9-2.5 (m.4H). 3.571 (d, J = 9.8 Hz, 1H), 3.589 (d. J 
« 9.2 Hz. 1H). 3.59-3.85 (m, 2H). 5.239 (d, J = 3.5. Hz. 0.5H). 5.483 (d. J = 4.7 Hz. 0.5H). 6.198 (q. J = 2.9 Hz. 
0.5H). 6.331 (t. J = 6.0 Hz. 0.5H). 7.371 (s. 0.5H). 7.561 (s, 0.5H). 

30 The cis/lrans mixture was s^arated by a C18 reverse phase column (1 00 time weight) using water -3% acetonitriie 
as an eluent under 0.42 bar (6 psig) pressure. Each 15 ml fraction was assayed by HPLC. The cis isomer 21A was 
eluted first and obtained as a white powder. 

^H-NMR(300 MHz. D2O): 5 1.894 (s. 3H). 2.0-2.45 (m.4H), 3.571 (d. J = 9.8 Hz, 2H). 3.595 (dd. J = 7.4, 10.0 Hz, 
35 1H), 3.781 (dd. J = 7.4, 10.8 Hz. 1H). 5.239 (d, J = 3.5 Hz, 1H), 6.331 (t. J = 6.0 Hz, 1H). 7.561 (s. 1H). 

After cis/trans mixture fractions, the pure trans isomer 216 was also obtianed as a white powder. 

^H-NMR (300 MHz, DgO): 5 1.842 (s. 3H). 2.0-2.5 (m, 4H), 3.589 (d. J - 9.2 Hz. 2H). 3.611 (dd. J = 9.2, 10.0 Hz. 
40 1H). 3.840 (dd. J = 9.2. 10.0 Hz, 1H), 5.483 (d. J = 4.3 Hz. 1H), 6.198 (q. J = 2.9 Hz. 1H). 7,371 (s. 1H). 

The steroechemlcal assignment of the cis and trans isomers was confirmed by the NOE (Nuclear Overhauser 
Effect) nmr. 

45 ExamplQ 22 : 

i-(5-PhosphQnpmethp)^etrahyc)rQ-g-fyryi)thyniing tfisodium gait (gg) 




To a solution of 1-(5-methylphosphonotetrahydro-2-furyl)thymine sodium salt (1 .2 g, 3.5 mmol) In DMF (15 ml) was 
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added bromotrimethylsilane (10 ml) under nitrogen. After stirring 4 hours at 25°C, the volatiles were removed in vacuo 
and the residual oil was neutralized to pH 8.0 by the addition of aqueous sodium bicaitonate. Water was then evapo- 
rated in vacuo, and the residue was purified by a C-is reverse phase column using water as an eluent under 0.56 bar (8 
psi) pressure to give the title compound as a white powder: yield 857 mg (70%). 

Analysis: Calcd. for CioHiaNaOyPNaa 5H2O: C, 27.26; H. 5.20; N. 6.36. 
Found: C. 27.14; H. 5.26; N. 6.03. 
UV (H2O) : X max 268 nm (c = 7.350). 

^H-NMR (300 MHz, D2O): 6 1.864 (s. 1.5H). 1.928 (s, 1.5H). 1.95-2.90 (m, 4H). 3.4-3.6 (m, 2H), 5.363 (t, J = 3.0 
Hz, 0.5H). 5.56 (d. J = 4.2 Hz, 0.5H), 6.212 (dd, J = 2.7. 5.8 Hz, 0.5H). 6.321 (t. J = 3.9 Hz, 0.5H), 7.435 (s. 0.5H), 
7.679 (s, 0.5H). 

Example 23: 

1-r2.3-Dideoxv-4-beta-chloro-3-(Dhenvlselenvl)-beta-D-ervthrofuranosvl1thymine (23) 



0 




To a solution of 1 -(2.3<lideoxy-3,4-didehydro-beta-D-ethyro-f uranosyi)thymine (1 .94 g, 1 0 mmoO prepared accord- 
ing to the literature procedure: J. Zemlicka, R. Gasser. J. V. Freisler, J. R Honwitz, J. Amer. Chem. Soc. 94. 321 3 (1 972)] 
in CH2CI2 (30 mL) was added at - 70**C dropwise a solution of phenylselenyl chloride (1 .92 g, 10 mmol) in CH2CI2 (5 
ml) under nitrogen. After stirring at -70^0 for 1 hour, the solvent was removed in vacuo to give the title compound as a 
yellowish oil. This material was used for the next reaction without further purification. 

^H-NMR (300 MHz, CDCI3): 5 1.95 (s. 3H), 2:5-2.8 (m, 2H). 4.18 (d. J 6.5 Hz. 1 H), 6.20 (s, 1H). 6.55 (q. J ■ 6.0, 
7.5 Hz, 1H), 7.1-7.7 (m, 6H). 9.30 (broad. 1H). 

Example 24: 

1-f2.3-DideQXV-4-beta-(dlmethvlDhQSDhQno)methoxv-3-fphenvselenvl)-beta-D-ervthrQfuranQsvnthymine (2^) 



0 




To a solution of 1 -[2,3-dideoxy-4-chloro-3-(phenyiselenyl)-beta-D-erythro-furanosyl]thymine (3.85 g. 10 mmol) and 
dimethoxyphosphinylmethanol (1.5 g, 1 1 mmol) in CH2CI2 (20 ml) was added dropwise at -70*'C a solution of silver per- 
chlorate (2.3 g. 1 1 mmol) in CH3CN (3 ml) over 3 minutes under nitrogen. The mixture was allowed to warm to Q°C and 
was then poured into aqueous saturated bicarbonate (1 0 ml)-brine (1 5 ml). The organic phase was separated after fil- 
tration and dried (MgS04). The solvents were removed under reduced pressure, and the residual oil was purified by sil- 
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ica gel column chromatography using CH2Cl2-5% MeOH as an eluent to give the title compound as a colorless oil: yield 
1.3 g (31%). 

^H-NMR (300 MHz, CDCI3): 6 1.93 (s. 3H), 2.45 (m, 2H). 3.70 (dd. J = 8.4, 8.0 Hz. 1H), 3.75 (d. J = 12.0 Hz. 6H). 
3.85 (d. J = 6.9 Hz, 1H). 3.90 (dd. J = 8.4, 8.0 Hz. 1H). 5.10 (s. 1H), 6.52 (s, 1H). 7.35 (s, 1H). 8.86 (broad s. IN). 

Ex^mplg 25: 

1-r2.3-Dideoxv-2.3-dldehvdro-4-phosDhonomethoxv'beta-D-ervthrofuranosvnthvmine disodium salt (25) 




<25) 



To a solution of 1-[2,3-dideoxy-4-(dimethylphosphono)methoxy-3-(phenyise!enyi-beta-D-erythrofuranosyl]thynrtine 
(1.15 g, 2.76 mmol) In DMF (4 ml) was added at S^'C bromotrimethylsilane (3 mQ under nitrogen. After stirring for 4 
hours at S'^C, volatiles were removed in vacuo and the residue was dissolved In aqueous saturated bicarbonate (3 ml) 
and evaporated again in vacuo to give a slightly yellow solid. 

^H-NMR (200 MHz. DaO): 6 1.79 (s, 3H). 2.3-2.5 (m. 2H). 3.27(1. J = 7.6. 8.4 Hz. 1H), 3.50 (1, J = 7.6. 8.4 Hz, 1H), 
3.93 (d, J = 6.9 Hz, 1H), 5.23 (s, 1H). 6.0 (t, J = 6.9 Hz. 1H), 7.53 (s, 1H). 

The reaction product from the above example was dissolved in water (5 ml) followed by sodium perlodate (1.7 g, 
8.0 mmol). After stin-ing for 30 minutes, the reaction mixture was heated at 80°C for 8 minutes and then filtered. The 
filtrate was evaporated to dryness and the residual solid was purified by a C^s reverse phase column chromatography 
using water as an eluent under 0.56 bar (8 psi) pressure. Each 15 ml fraction was assayed by high pressure liquid chro- 
matography. Lyophilization of combined fractions gave the title compound as a white amorphous solid: yield 538 mg 
(50%); mp 233-237''C. 

Analysis: Calcd. for CioHnNaOyNaaP HgO: C. 32.61; H, 3.51; N. 7.61. 
Found: C, 32.31 ; H, 3.63; N. 7.35. 

^^C-NMR (50.3 MHz. D2O): 5 13.921, 67.870. 69.848. 89,868. 111.242. 111.364. 113.908, 131.177. 134.655. 
139.350. 

^H-NMR (300 MHz. DgO): 5 1.848 (s. 3H). 3.565 (dd, J = 8.4, 8.7 Hz, 1H), 3,738 (dd, J - 8.4. 8.7 Hz, 1H), 5.987 (s. 
1H). 6.180 (d. J = 6.0 Hz, 1H). 6.432 (d, J = 6.0 Hz, 1H). 6.817 (s, 1H). 7,377 (s, 1H). 
UV (H2O): X max 266 nm (s = 10.134). 
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Example 26 : 



1-r2.3'Dideoxv'2.3<jidehvdro-4-beta-fdimethvlDhosDhono)methoxv-beta-D'eivthro^ (261 




(26) 



To a solution of 1-(2,3-dideoxy-4-beta-(dime#iylphosphono)methoxy-3-(phenylselenyl)-beta-D-erythrofuran 
thymine (6.0 g, 12.2 mmol] in methanol (20 mi) was added dropwise a suspended solution of sodium bicartonate (1.8 
g. 21 mmol) and sodium periodate (3.2 g, 15 mmol) in water (20 ml). After stirring at 2S°0 for 1 hour, the mixture was 
heated at SO^'C for 60 minutes. Volatiles were removed in vacuo and the residue was suspended in CI-I2CI2 (120 mi). 
After removal of insoluble material, the organic phase was dried (MgS04) and evaporated in vacuo. The residue was 
chromatographed on silica gel using CH2Cl2-5% MeOH as eiuent to give the title compound as a white amorphous 
powder: yield 3,4 g (85%). 

Analysis: Calcd. for C12H17N2O7P: C, 43.38; H. 6,16; N, 8.43. 
Found: C, 43.53; H. 5.20: N. 8.26. 

^^C-NMR (75.47 MHz, CDCI3): 5 12.339, 52.889. 52.976. 53.080. 60.491, 62.738. 87.837, 108.402. 108.569. 
111.653, 130.613, 131.675, 135.435. 150.480, 163.503. 

^H-NMR (300 MHz. CDCIg): 6 1.862 (s, 3H), 3.748 (d, J = 12.8 Hz, 3H), 3.814 (d. J = 12.8 Hz. 1H), 3.826 (dd, J = 
8.9. 8.'^ Hz, 1 H). 3,902 (dd. J = 8.9. 8.4 Hz, 1 H). 5.71 1 (s, 1 H), 6,075 (d, J = 5.7 Hz. 1 H). 6.233 (d, J = 5.7 Hz, 1 H), 
6.915 (s. 1H). 7.129 (s. 1H). 8.95 (broad s. 1 H). 



1-r2.3-DideQXY-2.3-didehvdrQ-4-beta-(methvlphosDhono) methoxv-beta-D-erthvrofuranosvl]thvmrne sodium salt (27) 



A solution of 1-[2,3-dideoxy-2,3-dihydro-4-beta-(dimethylphosphono)methQxy-beta-D-2-erthyrofuranosyl]thymine 
(180 mg. 0.54 mmol) in IN-NaOH (2 ml) was stirred at 25**C for 2 hours. The reaction was carefully neutralized to pH 
8.0 by dropwise addition of 1 N-HCI with good stirring. Water was then evaporated in vacuo and the residue was purified 
by a C18 reverse phase column using water -3% acetonitrile as an eiuent to give the title compound as a white solid: 
yield 125 mg (68%). 

Analysis: Calcd. for CiiHi4N207PNa 1.5 H2O: C, 34.28; H. 4.93; N, 7.27. 
Found: C. 34.02; H, 49.4; N, 7.19. 
UV (HgO): X max 269 nm (£=8160) 

^H-NMR (300 MHz, D2O): 6 1.847 (s, 3H). 3,525 (d. J = 11.0 Hz, 3H). 3.917 (dd, J = 13.6, 17.0 Hz. 1H). 3.765 (dd. 
J =t 13.6. 17.0 Hz, IH). 5.849 (s. 1H), 6.198 (d. J = 4.6 Hz. 1H), 6.415 (d. J = 4.6 Hz, IN). 6.847 (s, 1H). 7.374 (s. 



Example 27 : 




<27) 
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1H). 
Example 28 : 

5 1-r2.3-DideQxv-4-beta-(methvlphosohono)methoxy'beta-D-ervthrofuranosvl]thvmine sodium salt (28) 



10 




15 



To a solution of 1-(2,3KlideQxy-2.3<lidehydro-4-beta-(methylphosphono)methoxy-beta-D-efythrofuranos 
sodium salt (300 mg, 0.9 mmol) In water (20 ml) was added 10% palladium on active carbon (200 mg) and hydrogen- 
20 ated for 30 minutes under 2.49 bar (35 psi) H2 pressure. The catalyst was filtered and washed with methanol (30 ml). 
The combined filtrate and wash was evaporated in vacuo and the residue was purified by a C^s reverse phase column 
using water -2% acetonitrile under 0.56 bar (8 psi) pressure to give the title compound as a white solid: yield 250 mg 
(84%). 

This material showed an identical nmr with compound 21 A which was prepared from 2.5-dimethoxytetrahydrofuran 
25 and the stereochemical assignment of compound 21 A was confirmed by the NOE. 

^H-NMR (300 MHz. DgO): 6 1.943 (s, 3H). 2.168 (m, 2H). 2.418 (m. 2H. 3.608 (d, J = 6.9 Hz, 3H). 3.68 (dd, J = 
13.5, 18.0 Hz. 1H), 3.85 (dd, J = 13.5. 18.0 Hz), 5.303 (s, 1H). 6.390 (d. J = 6.3 Hz. 1H). 7.627 (s, 1H). 



30 In a manner similar to the above Example 28, the thymine-contalning reactant can be replaced with a correspond- 
ing adenine, guanine or cytosine reactant to produce 1 -[2.3-dideoxy-2,3-didehydro-4-beta-(methylphosphono)methoxy- 
beta-D-erythrofuranosyl] adenine sodium salt, or 1-[2.3-dideoxy-2,3-didehydro-4-beta-{methylphosphono)methoxy- 
beta-D-erythrofuranosyl] guanine sodium saft, or 1-[2,3-dideoxy-2.3-didehydro-4-beta-(methylphosphono)methoxy- 
beta-D-erythrofuranosyl cytosine sodium salt. 

35 

Example 29: 

1 ■r4-beta-(DlmethylphosphQno)methoxY-beta-D-ervthrofuranosvl!thvmine (29) 



45 




50 To a solution of 1-[2,3<lideoxy-2,3-didehydro-4-beta-(dimethylphosphono)methoxy-beta-D-erythrofuranosyl]thym- 
ine (3.31 g. 10 mmol) in pyridine (20 ml) was added osmium tetroxide (2.54g, lOmmol at 0*C and stinted for 2 hours, 
hours. The solvent was removed in vacuo. The residue was dissolved in ethyl acetate (100 ml), washed with 10% phos- 
phoric acid (30 mQ, water (20 ml), aqueous sodium bicarbonate (20 ml), brine and dried MgS04). The solvent was 
removed in vacuo, and the residual oil was chromatographed on silica gel using CH2Cl2-5% MeOH as an eluent to give 

55 the title compound as a white powder: yield 2.56 g (70%). 

Analysis: Calcd. for CHiaNigNsOgP: C, 39.35; H. 5.23; N. 7.65. 
Found: C, 38.98; H. 5.09; N, 7.42. 

^^C-NMR (75.47 MHZ, dg-DMSO): 6 11.861, 52.672, 53.797. 59.114, 61.411. 72.608. 73.316, 73.399. 87.419, 
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107.607, 107.863. 110.810, 135.217, 150.973, 163.581. 

^H-NMR (300 MHz, de-DMSO): 6 1.675 (s, 3H), 3.540 (d. J = 10.5 Hz. 6H). 3.736 (1, J = 4.0 Hz, 1H), 3.817 (d. J = 
9.6 Hz. 2H), 4,03 (dd. J = 6.0. 11.2 Hz. 1H). 4.763 (s, 1H). 5.35 (d, J = 4.0 Hz, 1H), 5.45 (d, J = 7.0 Hz. 1H). 5.919 
(d. J = 6.9 Hz, 1H), 7.128 (s. 1H). 1 1.228 (tDroad s. 1H). 

In a manner similar to the above Exanrtple 29, the thymine-containing reactant can be replaced with a correspond- 
ing adenine, guanine or cytosine reactart to produce 9-[4-beta-(dimethyiphosphono)methoxy-beta-D-erythrofurano- 
syljadenlne. or 9-[4-beta-(dimethylphosphono) methoxy-beta-D-erythrofuranosyl]guanine, or 1-[4-beta- 
(dimethylphosphono)methoxy-beta-D-erythrofuranosyQcytosine. 

Example 30: 

1 -[4-(MethylphosDhono)methoxv-beta-D-ervthrofuranosvnthvmine Sodium SaltY3Q) 



20 




To a solution of 1-[4-beta-(dimethylphosphono)methoxy-beta-D-erythrofuranosyl]thymine (200 mg, 0.5 mmol) in 
1 N-NaOH (2 ml) was stinred at 25''C for 2 hours. TTie reaction was carefully neutralized to pH 9.0 by dropwise addition 
of 1 N-HCI with stirring. Water was then evaporated in vacuo and the residual oil was purified by a C^g reverse phase 
column using water-2% acetonitrile as an eluent under 8 psi pressure to give the title compound as a white amorphous 
30 powder: yield 1 1 4 mg (56%). 

Analysis Calcd. for CnHisNaOgPNa 2H2O: C. 32.27; H. 4.64; N. 6.84. 
Found: C. 31.94; H, 4.32; N. 6.86. 
UV (H2O): X max 268 nm (e = 81 53). 
35 47 ^^Hz. D2): 6 35.644. 35.719. 45.366. 47.479. 57032. 57.411, 71.915. 92.426, 92.599. 96.463, 

120.503, 137.007. 144.422. 151.377. 

^H-NMR (300 MHz. D2O): 5 1.922 (s, 3H). 3.615 (D. J = 10.1 Hz. 3H), 3.687 (dd,J = 11.3, 11.1 Hz. 1h). 3.385 (dd, 
J = 1 1.3. 1 1.1 Hz. 1H). 4,220 (d, J = 4.3 Hz. 1H), 4.574 (dd, J = 6.7. 4,3 Hz, 1 H). 5.09 (s, 1H), 6.175 (d, J = 6.7. Hz, 
1H), 7.485 (s. 1H). 

40 

In a manner similar to the above Example 30, the thymine-containing reactant can be replaced with a correspond- 
ing adenine, guanine or cytosine reactant to produce 9-[4-beta-(m6thylphosphono)methoxy-beta-D-erythrofurano- 
syl]adenine, or 9-[4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosyi]guanine, or 1 -[4-beta- 
(methylphosphono)methoxy-beta-D-erythrofuranosyl]cytosine. 



50 



55 
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Example 31 : 

1 -f4-beta-Phosphonomethoxv-beta-D-ervthrofuranosvnthvmine disodium salt (31 ) 




0 



(31) 



To a solution of l-[4-beta-(diemthylphosphono)methoxy-beta-D-erythrofuranosyl]thymlne (320 mg, 0,87 mmol) in 
DMF (2 ml) was added at 0°C bromotrimethylsilane (1 .4 ml) under nitrogen. After stirring 90 minutes at 0°C, volatiles 
were removed in vacuo and the residue was neutralized to pH 8.0 by addition of aqueous saturated sodium bicarbo- 
nate. Water was then evaporated in vacuo and the residual solid was purified by a Ci8 reverse phase column using 
water-2% acetonitrile as an eluent to give the title compound as a white solid: yield 1 53 mg (46%). mp >250''C. (decom- 
position). 

Analysis: Calcd. for CioHiaNgOgPNa 2H20: C. 27.52; 4.35; N, 6.42. 
Found: C, 27.05; H, 3.99; N. 6.12. 
UV (H2O): k max 268 nm (e = 7.568). 

^^C-NMR (75.47 MHz. D2O): 649.590. 51.582, 57.347. 57.541. 71.861. 93.034. 93.169. 95.541. 121.178, 136.393. 
144.222. 150.601. 

^H-NMR (300 MHz. DgO): 6 1.936 (s. 3H). 3.469 (dd, J = 12.3. 12.6 Hz. 1H). 3.756 (dd, J = 12.3. 12.6 Hz, 1H). 
4.258 (d.J = 4.5 Hz. 1H), 4.578 (dd, J = 4.5. 6.2 Hz. 1H), 5.175 (s, 1h). 6.182 (d, J = 6.2 Hz, 1 H), 7.591 (s, 1H). 

In a manner similar to the above Example 31 , the thymine-containing reactant can be replaced with a correspond- 
ing adenine, guanine or cytosine reactant to produce 9-[4-beta-phosphonomethoxy-beta-D-erythrofuranosyl]adenine 
disodium salt, or 9-[4-beta-phosphonomethoxy-beta-D-erythrofuranosyl]guanine disodium salt, or 1 -[4-beta-phospho- 
nomethoxy-beta-D-erythrofuranosyl] cytosine disodium salt. 



1-r2-Deoxv-4-beta-(diethvlphosDhono)methoxv-beta-D-erythrofuranosvnthvmine (32A) and the trans isomer f32B) 



To a solution of 1-(2,3<lideoxy-3,4-didehydro-beta-D-erythrofuranosyl)thymine (2.4 g, 12.4 mmol) and diethyl- 
phosphonomethanol (17.4 g, 103 mmol) In CH2CI2 ( 2 mQ was added 80-85% 3-chloroperoxybenzoic acid (17.4 g. 
13.14 mmol) at S'^C. After stimng for 60 minutes at 25^0, the reaction mixture was purified by column chromatography 
on silica gel using CH2Cl2-3% MeOH to obtain the crude product, which was carefully rechromatographed on silica gel 
to separate the two Isomers. Using CH2Cl2*1% MeOH, the minor isomer B was first eluted and obtained as a colorless 
oil: yield 75 mg (1.7%). 

^H-NMR (300 MHz. CDCI3) of 32B: S 1.287 (t. J = 6.9 Hz, 6H). 1.900 (s, 3H), 1.97-2.58 (m. 2H), 3.807 (dd. J = 9.0, 



Example 32: 
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13.8 Hz). 4.016 (dd. J = 9.0, 13.8 Hz. 1H). 4.138 (m, 4H), 4.30 (m, 1H). 4.934 (d. J = 4.2 Hz, 1H), 6.321 (t, J = 6.6 
Hz. 1H), 7.417 (s, 1H). 9.80 (broad s. 1H). 

The silica gel column was continuously eluted with CH2Cl2-3% MeOH to obtain the major isomer 22A as a colorless 
oil: yield 735 mg (17%). 

^ H-NMR (300 MHz, CDCI3) of 32A: 6 1 .310 (t. J = 7.5 Hz, 6H). 1 .872 (s. 3H), 1 .95 (m, 1 H), 2.70 (m. 1 H), 3.780 (dd. 
J = 9.3. 13.8 Hz, 1H), 3.928 (dd, J 9.3, 13.8 Hz. 1H), 4.139 (m. 4H). 4.330 (d. J = 5.7 Hz, 1H), 5.268 (S, 1 H). 6.238 
(dd. J = 2.7, 8.4 Hz. 1H), 7.624 (s. 1H), 9.176 (broad s, 1H), 

The stereochemical assignment of and 22B was consistent with nmr NOE observation. 

In a manner similar to the above Example 32. 1 -{2,3-deoxy-3,4-didehydro-beta-D-erythrofuranosyl)thymine can be 
replaced with a con'esponding adenine, guanine or cytosine reactant to produce 9-[2-deoxy-4-b6ta-(diethyl- 
phosphono)methoxy-beta-D-erythrofuranosyl]adenlne, 9-[2-deoxy-4-beta-(methylphosphono)methoxy-beta-D-erythro- 
furanosyljadenine sodium salt, or 9-[2-deoxy-4-beta-(diethylphosphono)methQxy-beta-D-erytiirofuranosyl]guanine, or 
1-[2-<ieoxy-4-beta-(diethylphosphono)methQxy-beta-D-erythrofuranosyI]cytosine. 

Example 33 : 

1-f2-Deoxv-4-beta-phosDhonomethoxv-beta-D-ervthrofuranosyl)thymine disodlum salt (33) 



To a solution of 1-[2-deoxy-4-(diethylphosphono)methoxy-beta-D-erythrofuranosyl]thymine (480 mg. 1.3 mmol) in 
DMF (2 ml) was added bromotrimethylsiiane (2 ml) under nitrogen. After stinging 3 hours at 25**C, voiatiles were 
removed in vacuo and the residue was carefully neutralized to pH 8.5 by addition of aqueous saturated sodium bicar- 
bonate. Water was evaporated to dryness and the residual solid was purified by a Cia reverse phase column using 
water-3% acetonitrile as a eluent to give the title compound as a white powder: yield 155 mg (40%). 

Analysis: Calcd. for CioHiaNgOgPNaa SHgO: C, 28.57; H, 4.52: N, 6.67. 
Found: C. 28,48; H, 4.49; N, 6.52. 
UV (H2O): Xrr\ax 268 nm (e = 7.602). 

^^C-NMR (75.47 MHz, D2O): 620.803. 48.289. 50.291, 56.714. 69.570. 94.015. 94.157, 94.994. 122.321. 135.750, 
150.715. 

^ H-NMR (300 MHZ, DgO): 5 1.853 (s. 3H). 1.924 (dd, J = 2.6, 13.4 Hz, 1H), 2.8=785 (dd, J = 2.6. 5.3, 8.0 Hz, 1H), 
3.415 (dd, J = 8.9. 12.4 Hz, 1H), 3.669 (dd, J = 8.9. 12.4 Hz, 1H), 4.372 (d, J = 5.3 Hz, 1H). 4.372 (d, J = 5.3 Hz, 
1H). 4.372 (d, J = 5.3 Hz. 1H), 5.310 (s, 1H). 6.285 (dd, J = 2.6, 8.0 Hz, 1H). 7.776 (s. 1H). 

In a manner similar to the above Example 33, the thymine-containing reactant can be replaced with a con'espond- 
ing adenine, guanine or cytosine reactant to produce 9-{2-deaxy-4-beta-phosphonomethoxy-beta-D-erythrofurano- 
syOadenine disodium salt, or 9-(2-deoxy-4-beta-phosponomethoxy-beta-D-erythrofuranosyl)-guanine disodium salt, or 
1 -(2-deoxy-4-beta-phosphonomethoxy-beta-D-erythrofuranosyl)cytosine disodium salt 
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Example 34: 

2- Acetamino-6-diDhenvlcarbamovloxv-9-r2'f Dhenvlselenyt) ethoxvmethvnpurine (34^ : 



10 



15 




A mixture of 2-acetamino-6-diphenylcarbamoylpurine (36.7g, 94,6 mmol) [prepared according to tlie following llter- 
20 ature procedure: R.ZouandMJ. Ropbins. Can. J. Chem.. 65. No. 6. 1436 (1987)] and N.O-bis(trimethylsilyl)acetamide 
(47.6 ml, 1 93 mmol) in dry dichloroethane (700 ml) was heated at 80°C for 60 minutes. Volatiles were removed in vacuo 
and the residue was evaporated with toluene twice. The silylated purine and mercuric cyanide (29.6g, 117 mmol) in 
benzene (800 ml) was heated at reflux for 60 minutes, then a solution of 2-(phenyl5elenyl)ethQxymethyl chloride (24g. 
94.5 mmol) in benzene (100 ml) was added dropwise. The mixture was refluxed for 4 hours and then allowed to stir for 
25 1 5 hours at 25°C. The reaction was diluted with CH2CI2 (500ml) and quenched with aqueous saturated bicarbonate (11). 
The organic phase was washed with 2N potassium iodide (200 mi), dried (MgS04) and the solvents were removed jn 
vacuo. The residual oil was chromatographed on silica gel using CH2Cl2-5% MeOH as an eluent to provide the title 
conrpound as a slightly yellow powder: yield 22g (39%). 

30 Analysis: Calcd. for C29H25N604Se: C, 57.91 , H, 4.36; N. 13.98. Found: C, 57.76; H. 4.46; N. 13.48. 

^H-NMR (300 MHz. CDCI3): 5 2.459 (s, 3H). 2.951 (t.J = 6.9 Hz. 2H). 3.714 (t. J = 6.9 Hz, 2H), 5.477 (s, 2H). 7.07- 
7.7 (m. 15H). 8.001 (s, 1H), 8.171 (s, 1H). 

^^C-NMR (75.45 MHz; CDCI3): 6 25.133, 26.196, 69.192, 72.602, 120.363, 126.970, 127.014, 129.174. 141.686, 
143.734. 150.247. 152.487. 155.232, 156.247, 156.297, 170.793. 

35 

Example 35: 2-Acetamino-6-diphenvlcarbamQvl-9-(vinvloxvmethvn purine (35): 



0 

40 M 



45 



50 




To a solution of 2-acetamino-6-diphenyicarbamoyl-9-[2-(phenylselenyl)-ethoxymethyi]purine (4.92g, 8.16 mmol) in 
dioxane (80 ml) was added to 30% H202 (4 ml, 35 mmol) and sodium bicarbonate (2.1g. 24,5 mmol). The mixture was 
55 heated at 60*^0 for 20 minutes. The reaction was then concentrated to about 10mL, diluted with ethyl acetate (100 ml), 
dried (MgS04) and the solvents were removed jn vacuo . The residue was dissolved in dioxane (40 mL), diisopropyl- 
ethylamlne (1.27g, 10 mmol) was added and the solution was heated at 80*'C for 30 minutes under nitrogen. The sol- 
vent was evaporated in vacuo and the residual oil was chromatographed on silica gel using CH2Cl2-ethyl acetate (1 :1) 
as an luent to give the title compound as a yellowish powder: yield 2.3g (65%). 
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Analysis: Calcd. for C23H20N6O4 O.SHgO: C. 60.98; H, 4.67; N, 18.55. Found: C. 61.20; H. 4.76; N. 18.84. 

^ H-NMR (300 MHz. CDCI3): 6 2.485 (S, 3H). 4.1 70 (dd, J = 2.7. 6.6 Hz, 1 H). 44.473 (dd. J = 2.7. 14.1 Hz, 1 H). 6.395 

(dd. J = 6.6, 14.1 Hz, 1H). 7.0-7,5 (m. 10H). 7.961 (s. 1H). 7.996 (s. 1H). 

^^C-NMR (75.47 MHz, CDCI3): 6 25.121, 70.572. 92.427. 126.272, 126.344. 126.443, 126.496,. 126.566. 126.644, 
5 141.628, 143.226, 148.925, 152.552, 170.505. 

Example 36: 

2-Acetamino-6<liphenvicarbamovioxv-9-r(2-hvdroxy-1-(dimethvlphonQmeth^^^ (36) : 

10 




25 To a suspension of 2-acetamino-6-diphenylcarbamoyloxy-9-(vinyloxymethyi)purine (1 .Og, 2.25 mmol) and dimeth- 
ylphosphonomethanol (6 ml) in CH2CI2 (6 ml) was added 80-85% m-chloropeitenzoic acid (61 1 mg, 3 mmol). After stir- 
ring for 18 hours at 25°C, the clear solution was diluted with CHgClg (100 ml) and washed with ice cold 1N-NaOH (4 
mL) and brine (20 mi). The organic phase was washed again with brine (20 ml), dried (MgS04) and the solvent was 
removed in vacuo. The residual oil was chromatographed on silica, gel using using CH2Cl2-5% MeOH as an eluent to 

30 give the title compound as a colorless oil: yield 360 mg (27%). 

Analysis: Calcd. for C26H29N6O9P O.5CH2CI2: C. 49.22; H. 4.64; N, 13.00. Found: C. 49.89; H, 4,47; N, 12.76. 
^ H-NMR (300 MHz, CDCI3): 6 2.384 (s. 3H). 3,582 (dd. J = 4.5. 12.5 Hz, 1H), 3.722 (dd, J =4.5, 12.5 Hz, 1H), 3.768 
(dd. J = 2.9, 10.7 Hz. 6H). 3.798 (dd. J = 8.9. 14.0 Hz, 1H). 3.994 (dd. J = 8.9, 14.0 Hz, 1H), 4.910 (t. J =4.9 Hz, 
35 1H), 5.649 (d, J = 10.8 Hz, 1H). 5.723 (d. J =10.8 Hz. 1H). 7.0-7.4 (m. 10H), 8.032 (s. 1H). 8.662 (s. 1H). 

Example 37: 9r(2-Hvdroxv-1-(methvlPhosphonomethoxv)ethoxvmethvnQuanine ammonium salt (37) : 



45 



50 




A solution of 2-acetamino-6-diphenylcarbamoyloxy-9[(2-hydroxy-1-(dimethylphosphonomethoxy)ethoxy)methyl] 
guanine (2.9g, 4.8 mmol) in methanol (300 ml) and 28% NH4OH (300 ml) was heated at 60*C for 90 minutes. The solu- 
55 tion was concentrated in vacuo and the residual oil was purified by C-1 8 reverse phase column chromatography using 
water as eluent under 0.56 bar (8 psi) pressure. The fractions having ultraviolet fractions were checked with HPLC, 
combined and lyophilized to give the title compound as a white powder: yield 1 .15g (65%). 

Analysis: Calcd. for C^oHisNeOyP HgO: C. 31.26; H, 5.51; N, 21.87. Found: C, 31.63; H, 5.43; N. 21.72. 
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^H-NMR (300 MHz, D2O): 6 3.549 (d. J = 10.5 Hz, 3H), 3.571 (dd, J = 4.8, 13.2 Hz, 1H). 3.675 (dd, J = 9.3, 13.2 
Hz, 1 H), 3.4-3.6 (m. 2H). 4.844 (t. J = 3.9 Hz. 1 H), 5.573 (d. J = 1 1 .4 Hz. 1 H). 5.638 (d, J = 1 1 .4 Hz. 1 H). 7.934 (s, 
1H). 

UV {H2O): X max 252 nm (e = 13, 871). 
Example 38: 9[(2-Hvdroxv-1-fDhosDhonomethoxv)ethoxv^methvl1auaninedisodium salt (38): 



10 




20 

To a solution of 9-[2-hydroxy-1-(methylphosphonomethoxy)ethoxy)methyl]guanine ammonium salt (780 mg, 2.0 
mmoi) in dry DMF (20 ml) was added at 5°C bromotrimethysilllyl (8 ml, 60 mmoi) under nitrogen. After stirring for 3 
hours at S'^C. volatiles were removed inyacuQ and the residue was dissolved in aqueous saturated bicartwnate and re- 
evaporated in vQsyfi to a solid. Purification of this material by C-18 reverse phase column chromatography using water 
25 as eluent under 0.56 bar (8 psi) pressure and lyophilization of combined fractions gave the title compound as a white 
powder: yield 520 mg (62%). 

Analysis: Calcd. for C9Hi2N507PNa2 2H2O: C, 26.04; H. 3.89; N. 16.87; Found: C, 26.25; H. 4.05; N. 16.89. 
UV (H2O): X max 252nm (e = 15.150). 
30 1 H-NMR (300MHz. D20): 6 3.40-3.50 (m, 2H). 3.605 (dd, J = 5.4, 1 1 .6 Hz, 1 H). 3.698 (dd, J =9.0, 1 1 .6 Hz. 1 H), 
4.877 (t J = 4.5 Hz, 1 H). 5.665 (d, J = 1 1 .3 Hz. 1 H). 5.725 (d, J = 1 1 .3 Hz. 1 H). 7.999 (S. 1 H). 
^^C-NMR (75.47 MHz. DjO): 6 63.268. 65.832. 67.834, 71.636. 104.561, 104.712, 117.980. 141.823. 153.521, 
156.320, 161.129. 

35 Example 39; 1-(5'Methoxytetrahydrp-2-furyl)thYmine OA) 



40 



45 



50 



IP 2fl 3fi 




To a suspension of 2.5 g (20 mmoO of dry. powdered thymine in 30 ml of hexamethyldisilazane was added 50 mg 
of ammonium sulfate and 0.5 ml of trimethylsilyl chloride. The mixture was heated at UO-US'^C (for 4 hours to obtain 
a clear solution). The excess hexamethyldisilazane was removed at reduced pressure, then the residual white oil was 
55 dissolved in xylene and evaporated in high vacuum to give a coiorles viscous oil. The crude silyated thimine was dis- 
solved in 40 ml of dichloroethane and cooled to -30**, followed by 7.8g (60 mmoi) of 2.5 dimethoxytetrahydrofuran. To 
this solution was added 2.3 mL of tin tetrachoride via a syringe over 2 minutes, then stirred for 10 minutes under nitro- 
gen. The mixture reaction was poured into ice-cold aqueous NaHCOa COO ml)-ethylacetate (100 ml). The milky solu- 
tion was filtered through celite and the organic layer was separated and dried over MgS04. Evaporation of the dried 
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solvents gave a yellow oil which was chromatographed on SIO2 {CH2Cl2-MeOH) to give 4.3 g (95%) of 3A as a colorless 
oil. This oil was a mixture of the two isomers (cis/trans) in a ratio of 1 :1 as seen by analytical HPLC and ^H-NMR. 

^H-NMR (CDCI3) 6 1.4-2.2 (m, 7H). 3.40 and 3.42 (two s. 3H), 5.2 and 5.25 (two broad s, 1H). 6.20 and 6.41 (two 
q, 1H. J = 3.5, 7.0 Hz, and 4.0, 7.2 Hz), 7.02 and 7.40 (two s. 1H) 

Example 40: 

1 -(5-DiethvlphosDhonomethoxvtetrahvdro-2-f urvDthvmine (5A) 




To a solution of 600 mg (2.65 mmol) of 3A (Exanple 39) in 15 ml of methylene chloride was added 0.6 ml of tri- 
methylsilyl bromide and heated at 40-45'*C for 10 minutes under nitrogen. The reaction was evaporated in vacuo to give 
4AW as a yellow oil which was dissolved in 20 ml of methylne chloride followed by 440 mg (2.60 mmol) of diethyl- 
phosphonomethyl alcohol. This solution was cooled to -10°C fbrowed by 0.6 ml of triethylamine and stirred for 15 min- 
utes without the cooling bath. After dilution with 40 ml of ethylacetate, the reaction was washed with water and brine. 
Evaporation of the dried (MgS04) solvent gave a yellow oil which was chromtographed over Si02(CH2CH2-MeOH) to 
give 1 SOmg (1 8.5%) of 5A as a white oil. This oil was a mixture of the two isomers cis/trans in a ratio of 1 :1 , as seen by 
analytical HPLC and ^H NMR; ^ H-NMR(CDCl3) 5 1 .25 (t. 6H, J = 7.0 Hz), 1 .95 and 2.0 (two S, 3H), 3.8-4.0 (m, 2H),4.'0- 
4.2 (m. 4H), 5.2 and 5.3 (two broad s, 1 H). 6.2 and 6.42 (q.q, 1 H, J =3.5. 7.0 Hz and 4.0. 7.2 Hz), 7.0 and 7.4 (two s, 1 H). 

Example 41 : Testing and evaluation of compounds against heroes virus 

A. Plague Reduction Assay 

Herpes simplex virus (HSV) strains were grown and titered at 37°C in vero cells (African Green Monkey Kidney 
cells) and used for virus work before the tenth passage. 

Cells were grown and maintained in Earle's Minimum Essential Medium (EMEM), Gibco Laboratories, supple- 
mented with 0.75% sodium bicarbonate, 2mM 1-glutamine, Pen-strep, and 5-10% fetal calf serum. 

The titer of HSV strains is determined by a plaque titration method (Roizman and Roane. Virology. 115:75-79, 
1961). Tissue culture 24-well petri dishes are seeded with cells and used for assays when approximately 75% monol- 
ayer. Volumes (0.1ml) of logarithmic dilutions of the virus strain are inoculated onto each of triplicate wells, and 
absorbed for one hour with intermittent shaking. The inoculum thereafter is removed, and 1 ml of 5-10% EMEM con- 
taining 0.3% human immune serum globulin is added. After a 48 hour incubation period at 37*0 in a 5% COg atmos- 
phere, the overlay medium is removed and the cell sheets stained witii Giemsa stain. The number of plaques is 
counted, the triplicate is averaged, and the number of plaque-forming units per ml is calculated. 

The conpounds are tested for activity against the herpes simplex stains using a stock solution of each compound 
freshly prepared. Appropriate dilution of each compound are made in 10% EMEM before usage. The antiviral efficacy 
of each compound is determined using the plaque reduction assay described above. Briefly, tissue culture 24-well 
plates, with approximately 50 plaque forming units of HSV per 0.1 ml, and the virus absorbed for 1 hour, with intermit- 
tent shaking. After removal of tfie inoculum, 1 ml of 1 0% EMEM containing two-fold dilutions of tine appropriate drug are 
added in triplicates. Triplicate wells/plate receives no drug and are used as a virus control. After a 48-hour incubation 
period, at 37'^C in a 5% CO2 atmosphere, the overlay medium is removed, the cells are stained as described above, 
and plaques are counted. The counts of triplicate wells are averaged, and the number of plaques in the presence of 
each drug dilution are calculated. 
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The antiviral potency of the drug is determined by ID50. the drug concentration necessary to reduce the number of 
plaques by 50% of those in the virus control cultures. 
The results are shown in Table 1 herein below. 



Table 1 



Antiviral Test REsults of Compound 8 (see 
Example 8) against HSV-1 and HSV-2 


Compound 


ID5o{^ig/ml) 




HVS-1 


HVS-2 


ACV (Acyclovir) 


0.5 


0.5 


Compound 8 


2.6 


11 



Example 42: Comparis on of Compound 8 and Acyclovir (ACV^ In Vivo 

20 Groups of ten mice were inoculated intraperitoneally with from 200 to 600 PFU/0.2ml of Herpes simplex virus - 1 
(HL-34 strain). Different doses of test compound were administered to separate groups of animals on a BID basis for 
five consecutive days commencing three hours after inoculation. Treatment was by an intraperitoneal route. The exper- 
iment was teminated 21 days post inoculation and the number of survivals in each group was counted. The mean sur- 
vival time (MST days) vras calculated. 

25 The results are shown in Table 2. Compound 8 is equally as active as ACV. 



30 
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Table 2 

Antiviral Effect of Compound 8 Against HSV-1 Systemic 
Infection in Mice 



Compound 


Dose (mg/kg/d) 


Route 


Survival 


Compound 8 


300 


i.p. 


10/10 




100 


i.p. 


9/10 




10 


i.p. 


3/10 


ACV 


200 


i.p. 


6/7 




100 


i.p. 


7/10 



Treatment was initiated 3 hours post-infection and was 
given BID for 5 consecutive days. 



45 Example 43: Testina andevaluatino of compounds against Murine Retroviruses: 

The compounds were evaluated for antiviral activity against murine leukemia virus (MuLV) strains using the UV-XC 
plaque assay (Rowe. et al.. Virology. 42:1 136, 1970). 

The MuLV strains were grown in feral mouse cells (SC-1 ) and used for antiviral tests using the UV-XC plaque assay 

50 Briefly. SC-1 cells are grown as monolayers in 4-well tissue culture plates and inoculated with approximately 50-100 
plaque forming units of MuLV in 0.5 ml of 5% EMEM containing 20 }ig/mi DEAE/Dexlran. After 1 hour adsorbtion, the 
inoculum is removed and 5 ml of 5% EMEM containing three-fold dilutions of the appropriate drug are added. Five days 
later, the cultures are UV-tn-adiated with an ultraviolet lamp and rat XC sarcoma cells are added to the cultures. Three- 
four days after UV-irradiation, the cell cultures are stained with Giemsa stain and the plaques are enumerated. Antiviral 

55 activity is expressed in terms of the reduction in the mean number of UX-XC plaques counted in the drugtreated. virus- 
infected cultures compared with mean number of plaques counted in urttreated. virus-infected control cultures. 
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Example 44: In Vitro Evaluation Against HIV. 

The HIV iayto assay described as follows was used: The anti-HIV/LAV activity is measured in cultures of CEM-F 
cells. TTie CEM cells are infected with approximately 30 TCID50 (50% tissue culture infectious dose of HIV (LAV strain). 
5 The ceils are then incubated for 45 minutes at 37°C. The test compounds in culture medium are added at various con- 
centrations to the infected cells and then incubated for a further 8 days. Aft r 8 days the antiviral activity was evaluated 
in the culture media supernatant for p-24 gag protein by an enzyme capture assay (ELISA). The antiviral activity was 
expressed as the dose that inhibits 50% of the virus expression (ID50 in jig/mL) as detected by the assay desaibed. 



Table 3 



Antiviral Test Results of Compound 25 
(see Example 25) against Retroviruses 


Compound 


ID5o(^ig/niL) 




R-MuLV 


HIV 


A2T 


0.05 


0.1 


Compound 25 


0.3 


1.8 



20 

It will be appreciated that the instant specification and claims are set forth by way of illustration and not limitation 
and that various modifications and changes may be made without departing form tiie spirit and scope of the present 
25 invention. 

Example 45 

6-N-Pivalovl-9-f2.3-dideoxv-3.4<lidehvdrO'Q-D-ervthrofuranosvlVadenine 

30 



HNPV 



35 




To a solution of 9-(2,3-dideoxy-3,4-dtdehydro-p-D-erythrofuranosyl)adenine (2,0 g. 10 mmol) [prepared according 
to tiie literature procedure: J. Zemlicka. R. Gasser, J. V. Freisler. J. R Honyitz. J. Amer Chem. Soc. 94. 3213 (1972)1 
45 in 1 ,2-dlchloroethane (10 ml) was added pyridine (1 ml), dimethylaminopyridine (170 mg) and pivaloyi chloride (1 .5 g, 
12 mmol). The resulting solution was heated at 55-60**C for 6 h under nitrogen. The mixture was tiien concentrated in 
vacuo, taken up in CH2CI2 and washed witii water, 20% H3PO4 and brine, dried over MgS04, and evaporated in vacuo. 
The residual oil was chromatographed on silica gel using CH2Cl2-3% MeOH as eluent to give 2 (2.45 g. 85%) as a white 
powder. 

50 

^H NMR (CDCI3) 6 1.24 (s, 9H). 2.29 (ddd. J=3.5. 5.0. 17.1 Hz, 1H). 3.33 (dddd. J=2.4. 5.0. 9.4, 17.1 Hz. 1H). 5.24 
(dd. J=2.4. 5.0 Hz, 1H), 6.41 (dd, J=3.5, 9.4 Hz, 1H). 6.48 (dd. J=2.4, 5,0 Hz. 1H), 8.18 (s. 1H). 8.73 (s. 1H). 
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Example 46 



6-N-Pi\^lovl-9-r2.3-dideoxv-4-B-chloro-3-ff-^phenvlsele n\^VB>D-ervthrofu^ 



5 



NHPv 



15 




20 To a solution of the product of Example 45 (3.5 g. 12.2 mmol) in CHgCIa (40 ml) was added at -25-0 a solution of 
phenylselenyl chloride (2.7 g. 14.0 mmol) in CH2CI2 (7 ml) over 5 min under nitrogen. After stirring for 30 min at -25'C, 
the solvent was removed In vacuo to give 3 as a yellow oil. This material was used promptly for tiie next reaction: 

NMR (CDCI3) 6 1.41 (s, 9H), 2.88 (m. 1H). 3.23 (m. 1H), 4.36 (d, J=6.3 Hz. 1H). 6.29 (s, 1H). 6.80 (dd. J=6.6. 
25 8.4 Hz. 1H). 8.53 (s, 1H). 8.77 (s. 1 H). 



6-N-Pivalovl-9-r2.3-dideoxv-4-QKjimethvlphosphono^methoxy-3-a-(phenvlselenvl)-p-D-ervt^ 

30 



To a solution of the product of Example 46 (approximately 12 mmol) and dimethyl hydroxymethylphosphonate (16.8 
g. 120 mmol) [prepared according to the literature procedure: D.P. Philion and S.S. Andres. Tetrahedron Lett. 27. 1477 
(1 986)] in CH2CI2 (1 5 ml) was added at •25°C a suspended solution of silver perchlorate (4.0 g. 20 mmol) in CH2CI2 (1 0 
45 ml) and dimethyl hydroxymethylphosphonate (5 ml) over 5 min under nitrogen. The mixture was allowed to warm to 0'*C, 
stin-ed for 60 min and was then poured into CH2CI2 (100 ml)-aqueous bicarbonate (100 ml)-brine (50 ml). The organic 
phase was separated after filtration, fried over MgS04 and evaporated. The residual oil was chromatographed on silica 
gel using CH2Cl2-5% MeOH as eluent to give 4 (3.2 g, 45%) as a colorless oil: 

50 ^H NMR (CDCI3) 5 1.25 (s, 9H). 2.61 (ddd, J=2.7, 6.6, 14.4 Hz, 1H). 2.96 (ddd, J=6.6. 7.5. 14.4 Hz, 1H). 3.68 (d. 
J=11 Hz. 6H). 3.7-4.0 (m, 3H). 5.24 (s. 1H). 8.27 (s. IH). 8.67 (s, 1H). 



Example 47 



35 




PhSc 



40 
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Example 48 

6-N-Pivatovl-9-r2.3Hjideoxv-2.3^idehvdro-4 -p-fdimethvlDhosDhono)methoxv-B-D-erv^^ 



HNPv 



<neO>aP, 




To a solution of the product of Example 47 (3.3 g, 5.6 mmol) in dioxane (30 ml) was added a solution of sodium 
periodate (6.3 g, 30 mmol) in water (30 ml) and the resulting solution was stin'ed at 23°C for 4 h. CH2CI2 (200 mi) was 
added and the mixture was filtered through celite. The organic phase was washed with water, brine, dried over MgS04 
and evaporated in vacuo. The residua! oil was chromatographed on silica gel using CH2Cl2-5% MeOH as eluent to give 
5 (1.4 g. 57%) as a colorless oil: 

NMR (CDCI3) 5 1.31 (s, 6H), 3.64 (d, J=10.8 Hz, 3H). 3.71 (d. J=10.8 Hz. 3H), 3.84 (dd, J=8.7, 9.9 Hz, 1H), 5.87 
(s, 1H), 6.27 (d, J=6.0 Hz, 1H). 6.34 (dd, J=1.5, 6.0 Hz, 1H), 7.00 (d, J=1.5 Hz, 1H), 8.04 (s. 1H). 8.66 (s, 1H); 
^^C NMR (CDCI3) 6 27.524, 40.607, 53.318 (d. J=6.2 Hz), 61.598 (d. J-165 Hz). 86.247, 109.202, 123.406. 
130.657, 132.679, 141.966. 150.205, 152.056. 176,547. 



9-f2.3-Dideoxv-2.3<iidehydro-4-B-(methvlphosphono>methoxv-p-D-erythrofuranosvl]adeninft ammonium salt 



A solution of the product of Example 48 (330 mg. 0.78 mmol) and sodium methoxide (250 mg, 4.6 mmol) in meth- 
anol (10 ml) was stirred at 23°C for 18 h. The reaction was carefully neutralized to pH 5.0 by dropwise addition of 2N- 
HCI in an ice bath. The pH of the solution was readjusted to 8.0 by concentrated NH4OH and volatiles were removed in 
vacuo. The solid residue was purified by C^s reverse-phase column using water as eluent under 0.56 bar (8 psi) pres- 
sure to give fi (141 mg, 49%) as a white amorphous powder: 

^ H NMR (D2O) 6 3.34 (d. J=1 0.5 Hz. 3H), 3.65 (dd. J=9.2, 1 3.2 Hz. 1 H). 3.80 (dd. J=9.2, 1 3.2 Hz. 1 H). 5.99 (s. 1 H). 
6.57 (s, 2H). 6.83 (s, 1H). 8.11 (s, 1H). 8.14 (s. 1H); 

^^C NMR(D20) 58.542 (d, J=3.0 Hz), 68.483 (d. J- 150 Hz), 92.797, 116.319, 125.121, 136.147. 139.719, 147.131. 

155.275.159.781, 162.359; 

UV max (H2O) 260 nm (^ 12.964). 

Anal. Calcd for CH11"13'^5°5 PNa HgO: C. 35.97; H, 3.90; N, 1907. 
Found: C, 35.53; H. 3.71; N, 18.78. 



Example 49 
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ExapnplQ $Q 

9-r2.3-Dkieoxv-2.3<iidehvdro-4>p-phosphonomethoxv-p-D-ei^rofuran ammonium salt 



10 




A solution of the product of Example 49 (310 mg, 0.9 mmol) and trimethylsilylbromide (1 .0 ml) in DMF (4 ml) was 
stin-ed at 0*C for 3 h under nitrogen. Volatiles were removed in vacuo and the residue was dissolved in concentrated 
NH4OH (2 ml). Water was evaporated in vacuo and the residual solid was purified by Cid reverse-phase column using 
water as eluent under 0.56 bar (8 psi) pressure to give 7 (128 mg. 43%) as a white amorphous powder. 

20 

UV max (H2O) 260 nm (^ 14.982); 

NMR (D2O) 63.59 (dd, J=9.3, 22.2 Hz, 1H). 3.69 (dd. J=9.3. 22.2 Hz, 1H), 5.99 (s. 1H), 6.46 (d. J=6.0 Hz. 1H). 
6.50 (d. J=6.0 Hz. 1H). 6.83 (s. 1H). 7.87 (s. 1H). 8.13 (s, IH); 

^=^C NMR (D2O) 5 70.756 (d, J-150 Hz), 93.065, 116.510, 122.434, 136.579. 139.835, 147.763, 155.424. 158.990. 
25 161.809. 

Anal. Calcd for CioHisNgOgP 3H2O: C. 31.25; H. 5.46; N, 21.87. 
Found: C, 31 .32; H, 5.85; N. 22.15. 

This compound was evaluated for anti-retroviral activity by the methods described in Examples 43 and 44. The fol- 
30 lowing results were obtained. AZT controls were run simultaneously to confirm the validity of the test. 



35 



Virus 


Cell-line 


Cell-tox. 


ID50 


HIV 


CEM 


>100um 


45um 


MuLV 


SC-1 


>100um 


<0,1um 


HIV 


MT-4 


>500um 


1.5um 


MuLV-R 


SC-1 


>100um 


O.OIum 



Example 51 

45 6-N-Pivalovl-9-r2.3-dideoxv-4-6-(dimethYlphosDhono)methoxv -3-aHodo-Q-D-ervthrofuranosvi1adenine 
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To a solution of the product of Example 45 (3.5 g. 1 2.2 mmol) and dimethyl hydroxymethylphosphonate (1 6.8 g, 1 20 
mmol) in CH2CI2 (40 ml) was added portionwise at 0°C N-iodosuccinimide (2.75 g, 12.2 mmol) and the mixture was 
stirred for 2 h at 0*C. The reaction was diluted with CH2CI2 (50 ml), washed with water, brine, and dried over MgS04. 
The residual oil was chromatographed on silica gel using CH2Cl2-3% MeOH as eluent to give a (4.9 g, 72%) as a 
slightly yellow oil. 

NMR (CDCI3) 6 1.36 (s. 9H), 2.89 (dd. J=6.3, 9,7 Hz, 1H), 3.20 (dd. J-6.3. 10.3 Hz, 1H), 3.7-3.9 (m, 8H), 4.49 
(d, J-5.4 Hz. 1H), 5.50 (s. 1H). 6.86 (t. J=7.2 Hz, 1H). 8.29 (s, 1H). 8.50 (broad s. 1H), 8.74 (s. 1H). 

Example K 

6-N-Pivalovl-9-r2.3^tdeoxv-2-3 -didehvdro-4-B-(dimethvlDhosDhono)methoxV'B-D-ervthrofuranosvnad^ 



HNPv 




A solution of the product of Example 51 (1.7 g, 3.0 mmol) and 1,8-diazabicyclo [5.4,0] under-7-ene (912 mg. 6.0 
mmol) in CHCI3 (20 mL) was heated at 65°C for 2 h. The reaction was washed with ice-cold 20% H3PO4. brine, dried 
over MgS04 and evaporated in vacuo. The residual oil was purified on silica gel using CH2Cl2-3% MeOH to give § (1 .2 
g. 90%) as a colorless oil. This material was identical with the product of Example 48. 

Example 53 

1 ■f2.3-Dideoxv-4-p-(phosphonomethoxvVB-D-erythrofuranosvHthvmine disodium salt 



0 




A mixture of the product of Example 25 (200 mg, 0.57 mmol) and 1 0% palladium on active carbon (1 80 mg) in water 
(20 ml) was hydrogenated for 30 min. under 2.13 bar (30 psi) H2 pressure in the Parr hydrogenator. The catalyst was 
filtered through celite with the aid of a water wash. Water was removed by lyophillzation to give the desired product (205 
mg), 100%) as a white amorphous powder: 

UV max (H2O) 268 nm (^ 8844); 

^H NMR (D2O) 6 1.86 (s, 3H). 2.0-2.4 (m, 4H). 3.41 (dd, J=8.1, 12.9 Hz, 1H). 3.62 (dd, J=8.1, 12.9Hz. 1H), 5.32 (t, 
J-2.7HZ. 1H). 6.24 (t, J=7.0 Hz. 1H), 7.60 (s. 1H); 

^^C NMR (D2O) 8 18.496, 35.384, 38.041, 72.628, (d, J=150 H3). 93.249. 113.423, 1 18.884, 159.494, 174.169, 
Anal. Calcd. for C10H13N2O7 PNa2 1 1/2 H2O: C, 31.83; H. 4.24; N, 7.42. 
Found: C, 31.62; H, 3.95; N. 7.28 
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Example 54 

6-N-PivalQvl'9-f4-B-fdimethvlphosphono)methoxv-B'D-ervthrofuranosvnadenine 

5 



HNPV 



10 




HO OH 



15 

To a solution of phenylboric acid (860 mg, 7.0 mmol) and 4-methylmorpholine N-oxide (900 mg, 7.5 mmol) In 
CH2CI2 (20 ml) was added at 23°C osmium tetroxide (25 mg) followed by the product of Example 52 (2.75 g, 6.4 mnnol) 
in CH2CI2 (10 ml). The mixture was stirred for 2h and 10% aqueous sodium bisulfite (4 ml) was added. After stirring for 
1 h, the CH2CI2 was separated, washed with brine and dried over MgS04. Evaporation of solvent gave a white oil which 
20 was dissolved in acetone (15 ml) and 1 ,3-dipropanol (760 mg. 10 mmol). All volatiles were removed in vacuo and the 
resulting oil was chromatographed over silica gel using the above named compound CH2Cl2-7% MeOH as eluent to 
give (2.3 g, 76%) as a white foam: 

NMR (CDCI3) 6 1.28 (s. 9H). 3.72 (d, J=10.5Hz. 6H), 3.73 (dd. J=10.6, 13.5Hz, 1H), 3.95 (d, J=10.6, 13.5 Hz, 
25 1H) 4.91 (dd.J=4.5, 6.3 Hz, 1H), 433 (d. J=4.5 Hz. 1H). 5.09 (s. 1H). 6,38 (d, J=6.3Hz. 1H). 8.35 (s. 1H). 8.49 (s, 
1H), 8.83 (broads. 1H). 

Example 55 

30 9-f4-6-(Methoxvhvdroxvphosphinvnmethoxv-B-D-ervthrofuranosvnadenine ammonium salt 




A solution of the product of Example 54 {2.2g, 4.8 mmol) and sodium methoxide (1.49, 26 mmol) in methanol (50 
mi) was stirred at 23oC for 7 h under nitrogen, Volatiles were removed in vacuo and the residual oil was dissolved in 
45 water (20 ml). The aqueous solution was heated at 35°C for 10 h. The reaction was carefully neutralized to pH 5.0 by 
dropwise addition of 2N-HCI in an ice bath. The solution was then readjusted to 8.0 with concentrated NH4OH and vol- 
atiles were removed in vacuo. The solid residue was purified by Cie reverse-phase column using water -5% CH3CI as 
eluent under 0.56 bar (8 psi) pressure to give 1 1 (1.3g, 75%): 

50 UV max (H2O) 260 nm (^ 10.019); 

^H NMR (D2O) 3.56 (d. J-10.5 Hz, 3H). 3.61 (dd. J=10. 12.9 Hz, 1 H). 3.83 (dd. J=10, 12.9 Hz. 1H), 4.38 (d. J-1 1.0 
Hz. 1H). 5.0 (dd. J-6.2. 11.0 Hz. 1H). 5.19 (s, IH); 

^^C NMR (D2O) 6 53.897 (d, J-6.0 Hz). 64.192 (d. J-1 50 Hz), 75.589, 75,909. 1 1 1 .096, 141 ,824, 151 .079, 154,785. 
157.354. 

55 Anal. Calc. for CH11H14N5O7 p. 1 3/4 NaCI: C, 28.46; H, 3.47; N. 15.08. 
Found: C. 28.59; H. 3.43; N, 14,72. 
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Example 56 

944'S-fDhQSDhonomethoxv^methoxv-B-D-ervthrofuranosvnadenine amm onium salt 




A solution of the product of Example 55 (1.5 g, 4.1 mmol) and trimethylsllyl bromide (7 ml) in DMF (30 ml) was 
stin'ed at 23**C for 6 h under nitrogen. The volatiles were removed in vacuo and the residue was dissolved in concen- 
20 trated NH4OH (3 ml). Water was evaporated in vacuo and the residual solid was purified by Cia reverse-phase column 
using water as eluent to give 12 (600 mg, 40%) as a white amorphous powder: 

UV max (H2O) 262 nm ( 4 12,640); 

NMR(D20) 53.56 (dd,J=10.0. 12.9 Hz. 1H), 379 (dd, J=10.0. 12.9Hz. 1H). 4.31 (d.J=11.0 Hz. 1H),4.92(dd. 
25 J=6.a 11. 0 Hz, 1H), 5.17 (s, 1H). 6.08 (d. J=0Hz. 1H). 8.24 (s. 1H), 8.25 (s, 1H). 

^^C NMR (DgO) 5 66.296 (d, J=:157 Hz), 75.881. 76.967, 88.982. 111.148. 119.927. 142.208. 150.689, 153.560, 
156.330. 

Anal. Calcd. for C10H17N6O7 P H2O: C. 30.05: H, 5.26. N. 21.03. 
Found: C, 30.09; H. 5.06; N, 20.38 

30 

Claims 



Claims for the following Contracting States : AT, BE, CM, DE, DK, FR, GB, GR, IE, IT, LI, LU, MC, NL, PT, SE 

35 1 . A Phosphonomethoxymethoxymethyl purine or pyrimidine derivative of the formula I: 




45 wherein 



X and X' independently are hydrogen, alkyi having 1 to 6 carbon atoms, or the cation of a salt-forming base, 
R and R' independently are hydrogen, alkyI with 1 to 6 carbon atoms, hydroxyalkyl with 1 to 6 carbon atoms or 
alkanoyi having 2 to 7 cartx)n atoms. 
50 B is a purine or pyrimidine base selected from the group consisting of xanthine, substituted xanthine, guanine, 

substituted guanine, purine, substituted purine, cytosine, substituted cytoslne, thymine, uracil, substituted 
uracil, adenine and substituted adenine, 

and pharmaceutically acc^table salts thereof. 

55 2, A phosphonomethoxymethoxymethyl purine or pyrimidine derivative according to claim 1 . wherein X and X* inde- 
pendently are H, ethyl, methyl, or Na, and 
R and R' independently are H or CH3. 

3. A purine derivative according to claim 2 wherein B is guanine or substituted guanine, and R\ X and X' are H. 
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4. A phosphonomethoxymethoxymethyl purine or pyrimidine derivative according to claim 1 , wherein said derivative 
is selected from the group consisting of (a) 9-[(phosphonomethQxy) methoxymethyl]guanine disodium salt, (b) 1- 
[(phosphonomethoxy) methoxymethyl]cytosine disodium salt, (c) 9-[(phosphonomethoxy)methoxymethyl] adenine 
disodium salt, (d) 9-[1-(phosphonomethoxy)ethoxy methyl] guanine disodium salt, (e)9-[{2-hydroxy-1-phospho- 

5 nomethoxyethQxy)methyl]guanine disodium salt, (f) 9-[(2-hydroxy-1 -phosphonomethQxyethoxy)methyl]adenine dis- 
odium salt, (g) 9-[(2-hydroxy-l-phosphonomethoxyethoxy)methyl]cytosine disodium salt and (h) 9-[(2-hydrQxy-1- 
phosphonomethoxyethoxy)methyl]thymine disodium salt. 

5. A dihydro-2-f uryl or tetrahydro-2-furyl-1 -substituted pyrimidine or 9-substituted purine derivative of the formula II: 

10 




wherein 

the broken line refers to an optional bond. X and X' independently are H, alkyi with 1 to 6 carbon atoms, or the 
cation of a salt-forming base, 

Y and Z independently are H, OH, unsubstituted or substituted alkyI having 1 to 6 carbon atoms, and 

Y and Z together are an oxygen atom or a methylene group in which event the broken line is absent. 
B is a 9-5ubstituted purine or 1 -substituted pyrimidine base selected from the group consisting of xanthine, 
substituted xanthine, guanine, substituted guanine, purine, substituted purine, cytoslne. substituted cytosine, 
thymine, uracil, substituted uracil, adenine and substituted adenine, 
and pharmaceuticaliy acceptaole salts thereof. 

6. A purine or pyrimidine derivative according to claims 5, wherein Y and Z independently are alkyI having 1 to 6 car- 
bon atoms substituted by a substrtuent selected from the group consisting of halogen, hydroxy, amino, or azida 

35 7. A purine derivative according to claim 5 wherein Z and Y are H, the broken line is a bond, B is adenine or substi- 
tuted adenine, and X and X' are independently H, alkyI with 1 to 6 carbon atoms, or the cation of a salt-forming 
base. 

8. A purine or pyrimidine derivative according to claim 5, wherein said derivative is selected from the group consisting 
40 of 

(a) 1-(5-phosphonometnoxytetrahydro-2-furyl)thymine disodium salt, 

(b) 1-[2,3-dideoxy-2,3-didehydro-4-phosphonomethoxy-beta-D-erythrofuranosyllthymine disodium salt. 

(c) 1 -[2,3-dideoxy-2,3-didehydro-4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosyi]thymine sodium 
45 salt, 

(d) 1-[2,3-dideoxy-4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosyl]thymine sodium salt, 

(e) 9-[2,3-dideoxy-2,3-didehydro-4-beta-(metiiylphosphono)methQxy-beta-D-erythrofuranosyi]adenine sodium 
salt, 

(f) 9-[2.3-dideoxy-2.3-didehydro-4-beta-(metiiylphosphono)methoxy-beta-D-erythrofuranosyl]guanine sodium 
50 salt. 

(g) i-[2,3-dideoxy-2,3-didehydro-4-beta-(methylphosphono)melhoxy-beta-D-erythrofuranosyl]cytosine 
sodium salt, 

(h) 1 -[4-beta-(dimetiiylphosphono)methoxy-beta-D-erythrofuranosyl]tiiymine, 

(i) 9-[4-beta-{dimethyIpho^hcno)m6thoxy-beta-D-erythrofuranosyi]adenina 
55 Q) 9-[4-beta-(dimethyipho^hono)methoxy-beta-D-erythrofuranosyl]guanine. 

(k) 1 -[4-beta-(dimethylphosphono)methoxy-beta-D-erytiirofuranosyl]cytosine. 
(I) 1 -[4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosyi]thymine, 
(m) 9-[4-beta-(metiiylphosphono)methoxy-beta-D-erythrofuranosylladenine, 
(n) 9-[4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosyl]guanine, 
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(o) 1 -[4-beta-methylphosphono)methQxy-beta-D-erythrofuranosyl]cytosine, 

(p) 1-[4-beta-phosphonomethc3xy-beta-D-erythrofuranosyl)thyrninedisodium salt, 

(q) 9-[4-beta-phosphonom6thQxy-beta-D-erythrofuranosyl)adenine disodium salt. 

(r) 1-[4-betaiDhosphononriethoxy-beta-D-erythrofuranosyl)-cytosine disodium salt, 

(s) 1-[4-beta-phosphonomethQxy-D-erythrofuranosyl)-cytosine disodium salt 

(t) 1 -[2<ieoxy-4-beta-(diethylphosphano)methoxy-beta-D-erythrofuianosyl]thymine, 

(u) 9-[2<ieoxy-4-beta-(diethylphosphono)methaxy-beta-D-erythrofuranosyl]adenine. 

(v)9-[2<ieoxy-4-beta-(diethylphosphono)methQxy-beta-D-erythrofuranosyq 

(w) 1 -[2Kjeoxy-4-beta-(dlethylphosphono)methoxy-beta-D-erythrofuranosyOcyt 

(x) 1-(2-deoxy-4-beta-phosphonomethoxy-beta-D-erythrofuranosyl)thymine discxlium salt, 

(y) 9-(2-deoxy-4-beta-phosphonomethoxy-beta-D-erythrofuranosyl)adenine monoammonlum salt, 

(z) 9-{2-<jeoxy-4-beta-phosphonomethoxy-beta-D-erylhrofuranosyl)guanine disodium salt. 

(aa) 1 -(2-deoxy-4-betai3hosphonomethoxy-beta-D-erythrofuranosyi)cytosine disodium salt, 

(ab) 9-(2-deoxy-4-beta-(methylphosphono)methQxy-beta-D-erythrofuranosyl)adenine sodium salt, and 

(ac) 9-[2,3Kjideoxy-2.3<iidehydro-4-p-phosphonomethoxy-p-D-erythrofuranosyl]adenine mono-ammonium 
salt 

9. A purine or pyrimidine derivative of the formula III: 




wherein 

X is H, alkyl with 1 to 6 cart)on atoms, R*' is H or OH and B is a base selected from the group consisting of 
xanthine, substituted xanthine, guanine, substituted guanine, purine, substituted purine, cytosine, substituted 
cytosine, uracil, substituted uracil, thymine, adenine and substituted adenine, and pharmaceuticaily acceptable 
salts thereof. 

10. A phosphonomethoxymethoxym ethyl purine/|3yrimidine derivative having a cydic phosphonate group of the for- 
mula IV: 



0 




wherein 

X is H, alkyl with 1 to 6 carbon atoms, R*^ is H, alkyl with 1 to 6 carbon atoms, hydroxyalkyi with 1 to 6 carbon 
atoms, or alkanoyi having 2 to 7 carbon atoms, and B is a purine or pyrimidine base selected from the group 
consisting of xanthine, substituted xanthine, guanine, substituted cytosine, uracil, substituted uracil, thymine, 
adenine and substituted adenine, and pharmaceuticaily acceptable salts thereof. 

11. A pharmaceutical oonrposition comprising as an active ingredient an anti-viral or anti-retroviral or anti-neoplastic 
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amount of at least one compound according to any one of claims 1 to 10 in admixture with a solid, liquid or gaseous 
diluent. 

12. The use of at least one compound according to any one of claims 1 to 10 for preparing a pharmaceutical composi- 
5 tion for treating an infection with a virus or retrovirus or for treating a tumor. 

13. An oligonucleotide derived from a 5'-phosphonomethoxytetrahydrofuran-2'-yl purine/pyrimidine derivative accord- 
ing to any one of claims 5 to 8. 

10 1 4. A compound of the formula V: 



75 




I 



20 wherein 

B is a purine or pyrimldine base selected from the group consisting of xanthine, substituted xanthine, guanine. 
8-bromoguanine. 8-chloroguanine, 8-aminoguanlne. 8-hydrazinoguanine, 8-hydroxyguanine, 8-methylgua- 
nine, 8-thioguanine and 3-deazaguanine, purine, substituted purine, cytosine, substituted cytosine, thymine, 
25 uracil, substituted uracil, adenine and substituted adenine. 

15. Acompoundof the formula VI: 



30 




35 Y 



wherein 

40 

X is a halogen, Y is 




or a halogen and 

B is a purine or pyrimidine base selected from the group consisting of xanthine, substituted xanthine, guanine, 
substituted guanine, purine, substituted purine, cytosine, substituted cytosine, thymine, uracil, substituted 
so uracil, adenine and substituted adenine. 

16. Acompoundof the formula VII: 
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wherein 

B is a purine or pyrimidine base selected from the group cortsisting of guanine, substituted guanine, cytosine, 
and substituted cytosine, S-substituted uracil, for example, 5-chlorouracil. 5-bromouractl, 5-ethyluracil, 5-iodou* 
racil, 5-propyluracil and 5-vinyluracii, 5-ftuorouracil being excepted, and substituted adenine, for example, 3- 
deazaadenine. 

17. Acompoundof the formula VIII: 



wherein 

Y is a halogen. 



R is hydrogen or alkyi with 1 to 6 carbon atoms and B is a purine or pyrimidine base selected from the group 
consisting of xanthine, substituted xanthine, guanine, substituted guanine, purine, substituted purine, cytosine, 
substituted cytosine, thymine, uracil, substituted uracil, adenine and substituted adenine. 

18. A process for preparing a connpound of the formula 

o 



0 O B 

\y \/ sy 



comprising reacting a compound of the formula 

o 



R-'CO^O^OCR" 



with a silylated purine or a silylated pyrimidine in the presence of a Lewis acid to form a compound of the formula 
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and reacting said 



0 




.0, 



with a compound of the formula 



0 




(OR"' ) 



in the presence of a Lewis acid, wherein R" is an alkyt having 1 to 6 carbon atoms or an unsubstituted or substituted 
aryl, R'" is hydrogen or alkyl with 1 to 6 carbon atoms and B is a prulne or pyrimidine base selected from the group 
consisting of xanthine, substituted xanthine, guanine, substituted guanine, purine, substituted purine, cytosine, 
substituted cytosine. thymine, uracil, substituted uracil, adenine and substituted adenine. 

1 9. A process for preparing a compound of the formula 



0 




comprising reacting a compound of the formula 



ci 




ci 



with a compound of the formula 



0 



to form a compound of the formula 
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0 



(R*0)2i 

5 




artd reacting said 




with a purine or pyrimidine base, wherein is an alkyi having 1 to 6 carbon atoms and B is a purine or pyrimidine 
base selected from the group consisting of xanthine, substituted xanthine, guanine, substituted guanine, purine, 
substituted purine, cytosine, substituted cytosine, thymine, uracil, substituted uracil, adenine and substituted ade- 
nine. 

20 

20. A process for preparing a compound of the formula 



0 



25 




30 

comprising reacting a compound of the formula 



35 




with a connpound of the formula 

40 

0 

II 



in the presence of a peracid, wherein R'" is hydrogen or alkyI with 1 to 6 cartxsn atoms and B is a purine or pyrimi- 
dine base selected from the group consisting of xanthine, substituted xanthine, guanine, substituted guanine, pru- 
50 ine, substituted purine, cytosine, substituted cytosine. thymine, uracil, substituted uracil, adenine and substituted 
adenine. 

21. A process for preparing a compound of the formula 
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Y 



comprising reacting a compound 

f 

with X-Y wherein 

X is a halogen. 
Yis 

or a halogen, and 
X-Y is a halogen, 

wherein Z is a halogen and B is a purine or pyrimidine base selected from the group consisting of xanthine, 
substituted xanthine, guanine, substituted guanine, purine, substituted purine, cytosine, substituted cytosine, 
thymine, uracil, substituted uracil, adenine and substituted adenine. 

22. A process for preparing a compound of the formula 




comprising reacting a compound of the formula 




EP 0 398 231 B1 

with a corrpound of the formula 

0 



With a peracid. wherein R'" is hydrogen or alky! with 1 to 6 carbon atoms and B is a purine or pyrimidine base 
selected from the group consisting of xanthine, substituted xanthine, guanine, substituted guanine, purine, substi- 
tuted purine, cytosine, substituted cytosine, thymine, uracil, substitued uracil, adenine and substituted adenine. 

23. A process for preparing the pharmaceutical composition of claim 1 1 which comprises incorporating at least one 
compound according to anyone of claims 1 to 10 into a solid, liquid or gaseous diluent. 

Claims for the following Contracting State : ES 

1 . A process for preparing a phosphonomethoxymethoxymethyl purine or pyrimidine derivative of the formula I: 




wherein 

X and X' independently are hydrogen, alkyi having 1 to 6 carbon atoms, or the cation of a salt-forming base, R 
and R' independently are hydrogen, alkyI with 1 to 6 caibon atoms, hydroxyalkyl with 1 to 6 cartwn atoms or 
alkanoyi having 2 to 7 carbon atoms, B is a purine or pyrimidine base selected from the group consisting of 
xanthine, substituted xanthine, guanine, substituted guanine, purine, substituted purine, cytosine, substituted 
cytosine, thymine, uracil, substituted uracil, adenine and substituted adenine, and pharmaceutically acceptable 
salts thereof, 

comprising reacting a compound of the formula 



o o 
r-co^OyOCR" 



with a siiylated purine or a silylated pyrimidine in the presence of a Lewis acid to form a compound of the for- 
mula 




and reacting said 



49 



EP 0 398 231 B1 



0 



1'. 




0, 



1^ "R' 



with a compound of the formula 



0 



HI 




in the presence of a Lewis acid, wherein R** is an aikyi having 1 to 6 carbon atoms or an unsubstituted or sub* 
stituted aryl, R'" is hydrogen or alkyi with 1 to 6 carbon atoms and B, R and R' have the above meanings, 
optionally followed by introduction of the desired residue X and/or X*. 

A process according to claim 1 for preparing a phosphonomethoxymethoxymethyl purine or pyrlmidine derivative 
prepared in daim 1 , wherein X and X' independently are H, ethyl, methyl, or Na, and R and R' independently are H 
or CH3. 

A process according to claim 2 for preparing a purine derivative as prepared in claim 2 wherein B is guanine or sub- 
stituted guanine, and R'. X and X' are H. 

A process according to claim 1 for preparing a phosphonomethoxymethoxymethyl purine or pyrimidine derivative 
as prepared in claim 1, wherein said derivative is selected from the group consisting of (a) 9-[(phosphonometh- 
oxy)metiioxymethyl]guanine disodium salt (b) 1-[(phosphonomethoxy)methoxymethyl]cytosine disodium salt, (c) 
9-[(phosphonometiioxy)metiioxymetiiyl]adenine disodium salt, (d) 9-[1 -(phosphonomethoxy)ethoxymethyl]guanine 
disodium salt, (e)9-[(2-hydroxy-1-phosphonom6thoxyethoxy)methyl]guanine disodium salt, (f) 9-[(2-hydroxy-1- 
phosphonomethoxyethQxy)methyl)adenine disodium salt, (g) 9-[(2-hydroxy-1 -phosphonometiioxyethoxy 
methyl]cytosine disodium salt and (h) 9-[(2-hydrQxy-1-phosphonomethoxyethoxy)methyl]tiiymine disodium salt. 

A process for preparing any one of compounds as prepared in claims 1 to 4 comprising reacting a compound of the 
formula 



ci 




Cl 



with a compound of tiie formula 



0 

(R*o)2pNa 



to form a compound of the formula 
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10 



and reacting said 



IS 




with a purine or pyrimidine base, wherein R and R* have the meanings defined in cfaim 1 to 4 and R° is an alkyi 
20 having 1 to 6 cart>cn atoms and B is a purine or pyrimidine base selected from the group consisting of xanthine, 
substituted xanthine, guanine, substituted guanine, purine, substituted purine, cytosine. substituted cytosine. thym- 
ine, uracil, substituted uracil, adenine and substituted adenine, optionally followed by Introduction of the desired 
residue X and/or X*. 

25 6. A process for preparing a compound of the formula I 



30 




(I) 



35 



40 



wherein 



X and X' independently are hydrogen, alky! having 1 to 6 carbon atoms, or the cation of a salt-forming base, R 
is CHgOH, R' is hydrogen, and B is a purine or pyrimidine base selected from the group consisting of xanthine, 
substituted xanthine, guanine, substituted guanine, purine, substituted purine, cytosine. substituted cytosine, 
thymine, uracil, substituted uracil, adenine and substituted adenine, and pharmaceutically acceptable salts 
thereof, comprising reacting a compound of the formula 



45 




with a compound of the formula 

50 0 



55 



in the presence of a peracid. wherein R'" is hydrogen or alkyI with 1 to 6 carbon atoms and B has the above 
meanings, optionally followed by introduction of the desired residue X and/or X*. 

7. A process for preparing a compound of the formula I 
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M 

XO-P\ 



V 



cr) 



wherein 



X and X' independently are hydrogen, alkyi having 1 to 6 carbon atoms, or the cation of a satt-fbrming base. R 
is CH3. R' is hydrogen, and B is a purine or pyrimidine base selected from the group consisting of xanthine, 
substituted xanthine, guanine, substituted guanine, purine, substituted purine, cytosine, substtuted cytosine, 
thymine, uracil, substituted uracil, adenine and substituted adenine, and pharmaceutically acceptable salts 
thereof, 

comprising reacting a compound of the formula 




with a compound of the formula 



II 



wherein 

R*** is hydrogen or alkyI with 1 to 6 carbon atoms and B has the above meanings, optionally followed by intro- 
duction of the desired residue X and/or X'. 



A process for preparing a dihydro-2-furyl or tetrahydro-2-furyl-1 -substituted pyrimidine or 9-substituted purine 
derivative of the formula II: 




wherein 

the broken line refers to an optional bond, X and X* undependently are H, alkyI with 1 to 6 carbon atoms, or the 
cation of a salt-forming base. Y and Z independently are H. OH, unsubstituted or substituted alkyI having 1 to 
6 carbon atoms, and Y and 2 together are an oxygen atom or a methylene group In which event the broken line 
is absent B is a 9-substituted purine or 1 -substituted pyrimidine base selected from the group consisting of 
xanthine, substituted xanthine, guanine, substituted substitued guanine, purine, substituted purine, cytosine, 
substituted cytosine, thymine, uracil, substituted uracil, adenine and substituted adenine, and pharmaceutically 
acc ptable salts thereof, 

comprising reacting a compound of th formulae 
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or 




with a compound of the formula 



0 



II 



(OR'")j 



wherein 

R"* is hydrogen or alkyi with 1 to 6 carbon atoms, X Is halogen, Y is S-phenyl, Se-phenyl, or halogen, and B 
has the above meanings, optionally followed by introduction of desired residues X, X'. Y, and/or Z as well as a 
single or double bond as indicated by the. broken line in above formula tl. 

9. A process according to claim 8 for preparing a purine or pyrimidine derivative as prepared in claim 8. wherein Y and 
Z independently are alkyI having 1 to 6 carbon atoms substituted by a substituent selected from the group consist- 
ing of halogen, hydroxy, amino, or azido. 

1 0. A process according to claim 8 for preparing a purine derivative as prepared in claim 8 wherein Z and Y are H, the 
broken line Is a bond, B is adenine or substituted adenine, and X and X' are independently H, alkyI with 1 to 6 car- 
bon atoms, or the cation of a salt-forming base. 

1 1 . A process according to claim 8 for preparing a purine or pyrimidine derivative as prepared in claim 8. wherein said 
derivative is selected from the group consisting of 

(a) 1-(5-phosphonomethoxytetrahydro-2-furyl)thymine disodium salt, 

(b) 1-[2,3-dideoxy-2,3-didehydro-4-phosphonomethoxy-beta-D-erythrofuranosyl]thymine disodium salt. 

(c) 1 -[2,3-dideoxy-2,3-didehydro-4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosyl]thymine sodium 
salt. 

(d) 1-[2,3-dideoxy-4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosyllthymine sodium salt, 

(e) 9-[2,3-dideoxy-2,3-didehydro-4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosylladenine sodium 
salt. 

(f) 9-[2,3-dideoxy-2,3-didehydro-4-beta-(methyIphosphono)methoxy-beta-D-erythrofuranosyl]guanine sodium 
salt, 

(g) 1-[2,3-dideoxy-2.3-didehydro-4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosyl]cytosine 
sodium salt, 

(h) 1 -[4-beta-(dimethylphosphono)methoxy-beta-D-erythrofuranosyl]thymine. 

(i) 9-[4-beta-(dimethylphosphono)methQxy-beta-D-erythrofuranosyl)adenine. 
(j) 9-[4-beta-(dimethylphosphono)metrhoxy-beta-D-erythrofuranosyl]guanine, 
(k) 1 ■[4-beta-(dimethylphosphono)methoxy-beta-D-erythrofuranosyl)cytosine, 
(!) 1 -[4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosyl]thymlne. 
(m) 9-[4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosylladenine, 
(n) 9-[4-beta-{methylphosphono)methoxy-beta-D-erythrofuranosyl]guanine, 
(o) 1 -[4-beta-methylphosphono)methoxy-beta-D-erythrofuranosyi]cytosine, 

(p) l-[4-beta-phosphonomethoxy-beta-D-erythrofuranosyl)thymine disodium salt, 
(q) 9-[4-beta-phosphonomethoxy-beta-D-erythrofuranosyl)adenine disodium salt, 
(r) 1-[4-beta-phosphonomethoxy-beta-D-erythrofuranosyl)cytosine disodium salt, 
(s) 1-[4-beta-phosphonomethQxy-D-erythrofuranosyl)cytosine disodium salt. 
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(t) 1-[2-deQxy-4-beta-(diethylphosphono)methoxy-beta-D-erythrofuranosyl]thymi^ 

(u) 9-[2<leoxy-4-beta-(dietliylphosphono)meihoxy4Deta-D-erythrofuranosyllade 

{v)9-[2<leoxy-4-beta-(die%lphosphono)methG«yH3eta-D-erythrofuranosynguani 

(w) l-[2<ieoxy-4-beta-(diethylphosphono)methoxy-beta-D-erythrofuranosyi]cytosin 

(x) 1-(2KJeoxy-44)etaiDhosphonomethoxy-beta-D-erythrofuranosyl)tlTymine discxJium salt, 

(y) 9-(2-deoxy-4-beta-phosphonomethoxy-beta-D-erythrofuranosyl)adenine monoammonium salt, 

(z) 9-(2-deoxy-4-beta-phosphononriethoxy-beta-D-erythrofuranosyl)guanine disodium salt, 

(aa) l-(2<lec)xy-4-beta-phosphonomethoxy456ta-D-erythrofuranosyl)cytoslne disodium salt, 

(ab) 9-(2<Jeoxy-4-beta-(methylphosphono)methoxy-beta-D-erythrofuranosyl)adenine sodium salt, and 

(ac) 9-[2,3-dideoxy-2,3-didehydro-4-p-phosphonomethoxy-p-D-erythrofuranosyt]adenine monoammonium 
salt. 

12. A process according to claim 8 further comprising converting a compound of the formula 




to a purine or pyrimidine derivative of the formula III: 



X and X' are H, alkyi with 1 to 6 cartoon atoms or the cation of a salt-forming base, 2 and independently are 
H or OH, and B is a base selected from the group consisting of xanthine, substituted xanthine, guanine, sub- 
stituted guanine, purine, substituted purine, cytosine, substituted cytosine, uracil, substituted uracil, thymine, 
adenine and substituted adenine, and pharmaceutically acceptable salts thereof. 

1 3. A process according to claims 1 or 6 further comprising converting a compound of the formula 



0 
tl 

XO-P 




wherein 




B 



to a phosphonomethoxymethoxymethyl purine/pyrimidine derivative having a cyclic phoshponate group of the for- 
mula IV: 
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0 
II 




B 



xo 



p 



0 




wherein 



X is H. aikyi with 1 to 6 carbon atoms, or the cation of a salt-forming base, and R*^ independently are H, alky! 
with 1 to 6 carbon atoms, hydroxyalkyl with 1 to 6 carbon atoms, or alkanoyi having 2 to 7 carbon atoms, and 
B is a purine or pyrimidine base selected from the group consisting of xanthine, substituted xanthine, guanine, 
substituted cytosine. uracil, substituted uracil, thymine, adenine und substituted adenine, and pharmaceuticaliy 
acceptable salts thereof. 

14. The use of at least one compound prepared in any one of claims 1 to 13 for preparing a pharmaceutical composi- 
tion for treating an infection with a virus or retrovirus or for treating a tumor. 

1 5. A process for preparing an oligonucleotide derived from a 5'-phosphonomethoxytetrahydrofuranyl-2'-purine/pyrimi- 
dine derivative as prepared in any one of claims 8 to 11 . 

1 6. A process for preparing a compound of the formula V: 



B is a purine or pyrimidine base selected from the group consisting of xanthine, substituted xanthine, guanine, 
8-bromoguanine, 8-chloroguanine, 8-aminoguanine, 8-hydrazinoguanlne, 8'hydroxyguanine, 8-methylgua- 
nine, 8-thioguanine and 3-deazaguanine, purine, substituted purine, cytosine, substituted cytosine, thymine, 
uracil, substituted uracil, adenine and substituted adenine, 
conrprising elimination of H-Y' from a compound of tiie formula 




wherein 




wherein 

r is S-Ph, Se-Ph or a halogen and B has the above meanings. 



17. A process for preparing a compound of the formula 
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B 



Y 



comprising reacting a compound 




with X-Y, wherein 
X is a halogen, 

Y is S-Ph, Se-Ph, or a halogen, and 

X-Y is a halogen. ZS-Ph or ZSe-Ph, wherein Z is a halogen and 6 is a purine or pyrimidine base selected from 
the group consisting of xanthine, substituted xanthine, guanine, substituted guanine, purine, substituted 
purine, cytosine. substituted cytosine, thymine, uracil, substituted uracil, adenine and substituted adenine. 

18. A process for preparing a compound of the formula VIII: 



Y is a halogen, S-Ph. Se-Ph, R is hydrogen or alkyi with 1 to 6 carbon atoms and B is a purine or pyrimidine 
base selected from the group consisting of xanthine, substituted xanthine, guanine, substituted guanine, 
purine, substituted purine, cytosine, substituted cytosine, thymine, uracil, substituted uracil, adenine and sub- 
stituted adenine. 

comprising reacting a compound of the formula 




0 



wherein 




Y 



with a compound of the formula 
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0 

II 



OR). 



wherein 

X is a halogen, and Y. R and B have the above meanings. 
19. A process for preparing a compound of the formula 



(R 



HO 



comprising reacting a conpound of the formula 




with a compound of the formula 




with a peracid, wherein R'" is hydrogen or allcyl with 1 to 6 carton atoms and B is a purine or pyrimldine base 
selected from the group consisting of xanthine, substituted xanthine, guanine, substituted guanine, purine, substi- 
tuted purine, cytosine. substituted cytosine, thymine, uracil, substituted uracil, adenine and substituted adenine. 

20. A process for preparing a pharmaceutical composition which comprises incorporating at least one compound pre- 
pared in any one of claims 1 to 13 into a solid, liquid or gaseous diluent. 

PatentansprCiche 

Patentanspruche fOr folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, GR, IE, IT, LI, LU, MC, NL, PT, SE 

1 , Phosphonomethoxymethoxymethylpurin- Oder -pyrimidinderivat der Forme! I: 



o 

II 

XO-P^ 



B 



R 



(I) 



R' 
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10 



worm 
X und X' 
R und R' 
B 

und 



unabhdngig voneinander fur Wasserstoff. Alkyl nnit 1 bis 6 Kohlenstoffatomen oder das Kation einer 
salzbildenden Base stehen, 

unabhdngig voneinander f Qr Wasserstoff. Alkyl mit 1 bis 6 Kohlenstoffatomen. HydroxyalkyI mit 1 bis 
6 Kohlenstoffatomen oder AlkanoyI mit 2 bis 7 Kohlenstoffatomen stehen, 

fQr eine Purih- oder Pyrimidinbase. ausgew&hit unter Xanthin. substituiertem Xanthin, Guanin, substi- 
tuiertem Guanin, Purin, substituiertem Purln. Cytosin. substituiertem Cytosin. Thymln. Uracil, substi- 
tuiertem Uracil, Adenin und substituiertem Adenin, steht. 
pharmazeutisch vertrdgliche Saize davon. 



2, Phosphonomethoxymethoxymethylpurin- oder iayrimidinderivat nach Anspruch 1 . worin X und X' unabhftngig von- 
einander fOr H. Ethyl, iy/lethyl oder Na stehen und R und R' unabhangig voneinander fOr H oder CH3 stehen. 

15 3. Purinderivat nach Anspruch 2. worin B fQr Guanin oder substituiertes Guanin steht und R\ X und X* f Or H stehen. 

4. Phosphonomethoxymethoxymethylpurin- oder -pyrimidinderivat nach Anspruch 1. wobei das Derivat ausgewShlt 
ist unter (a) 9-[(Phosphonomethoxy)methoxymethylIguanin-Dinatriumsal2, (b) 1-[(Phosphonomethoxy)methoxy- 
methyOcytosin-Dinatriumsaiz, (c) 9-[(PhosphonomethQxy)methoxymethyl]adenin-Dinatriumsalz, (d) 9-(1-(Phos- 
20 phonomethQxy)ethoxymethyQguanidin-Dinatriumsalz, (e) 9-I(2-Hydroxy-1 -phosphonomethoxyethoxy)methyl] 
guanin-Dinatriumsalz, (f) 9-[(2-Hydroxy-1 -phosphonomethoxyethoxy)methyI]adenin-Dinatriumsalz, (g) 9-[(2- 
Hydroxy-1-phosphonomethoxyethoxy)methyl]cytosin-Dinatriunnsalz und (h) 9-[(2-Hydroxy-1-phosphonomethoxye- 
thoxy)methyl]thymin-Dinatriumsalz. 

25 5. Dihydro-2-furyl- oder Tetrahydro-2-f uryl- 1 -substituiertes Pyrimidin- oder 9-substituiertes Purinderivat der Formel II: 



30 



35 




(II) 



wonn 



40 



45 



50 



die gestrichehe Linie fur eine gegebenenfalls vorhandene Bindung steht. X und X' unabhdngig voneinander fQr 
H, Alkyl mit 1 bis 6 Kohlenstoffatomen oder das Kation einer salzbildenden Base stehen, 

Y und Z unabhdngig voneinander f Or H, OH, gegebenenfalls substituiertes Alkyl mit 1 bis 6 Kohlenstoffatomen 
stehen und 

Y und Z zusammen for ein Sauerstoffatom oder eine Methylengruppe stehen, wobei dann die gestrichelte Linie 
nicht vorhanden ist, 

B for eine 9-substitulerte Purin- oder eine 1 -substituierte Pyrimidlnbase steht. die ausgewdhit ist unter Xanthin. 
substituiertem Xanthin. Guanin, substituiertem Guanin. Purin, substituiertem Purin, Cytosin, substituiertem 
Cytosln. Thymin, Uracil, substituiertem Uracil, Adenin und substituiertem Adenin, 
und pharmazeutisch vertrdgliche SaIze davon. 

6. Purin- oder Pyrimidinderivat nach Anspruch 5, worin Y und Z unabhangig voneinander for Alkyl mit 1 bis 6 Kohlen- 
stoffatomen stehen. das mit einem unter Halogen. Hydroxy, Amino oder Azido ausgewahlten Substituenten substi- 
tuiert ist. 



55 7. Purinderivat nach Anspruch 5, worin Z und Y fOr H stehen. die gestrichelte Linie fur eine Bindung steht, B fur Ade-. 
nin Oder substituiertes Adenin steht. und X und X' unabhangig voneinander for H. Alkyl mit 1 bis 6 Kohlenstoffato- 
men, Oder das Kation einer salzbild nden Base stehen. 

8. Purin- Oder Pyrimidinderivat nach Anspruch 5, wobei das Derivat ausgewahit ist unter 
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(a) 1 -(5-Phosphonomethoxytetrahydro-2-furyl)thymin-Dinatriumsaiz. 

(b) l-[2.3-Dideoxy-2,3<iidehydro-4-phosphonomethoxy-p-D-erythrofuranosyP 

(c) v[2.3-Dideoxy-2.3-didehydro-4-p-(methyiphosphono)methoxy-p-D-erythrofura^ 

(d) 1-[2,3-Dideoxy-4-p-(methylphosphono)methoxy-p-D-erythrofuranosyllth 

(e) 9-[2,3-DideQxy-2.3<iidehydro-4-p-(methylphosphono)methoxy-p-D-er^ 
{f)9-[2,3-Dideoxy-2,3<lid6hydro-4-p-(methylphosphono)methoxy-p-D-erythro^^ 

(g) i-[2.3-Didecocy-2.3<lidehydro-4-p-(methylphosphono)methQxy-p-D-erythrofur^^ 

(h) 1 -[4-p-(Dimethylphosphono)methoxy-p-D-erythrofuranosylJth^ 

(i) 9-[4-p-(Dimethylphosphono)methoxy-p-D-erythrofuranosyOadenin. 
(j) 9-[4-p-(Dimethylphosphono)methaxy-p-D-erythrofuranosyI]guanin, 
(k) 1 -[4-p-{Dimethy!phosphono)methQxy-p-D-erythrofuranosyqcytosin. 
(i) 1 -[4-p-(Methylplx>sphono)methoxy-p-D-erythrofuranosyl]thymin, 
(m) 9-[4-p-(Methylphosphono)methoxy-p-D-erythrofuranosyl]adenin. 
(n) 9-[4-p-(Methylphosphono)methoxy-p-D-erythrofuranosyl]guanin, 
(o) 1 -[4-p-(Methylphosphono)methQxy-p-D-erythrofuranosyl]cytosin. 

(p) 1 -[4-p-Phosphonomethaxy-p-D:ei7throfuranosyq-thymin-Dinatriumsab 
(q) 9-[4-p-Phosphonomethoxy-p-D-er>1hrofuranosyl]adenin-Dinatriumsai2, 
(r) 1 -[4-p-PhosphonoretlX)xy-p-D-eryiirofuranosyOcytosin-Dinatriumsalz. 
(s) 1 44-p-Phosphonomethoxy-D-ei7throfuranosyOcytosin-Dinatriumsal 
(t) 1 -[2-Deoxy-4-p-(diethyiphosphono)methoxy-p-D-erythrofuranosyl]thymin, 
(u) 9-[2-DeGocy-4-p-(diethylphosphono)methQxy-p-D-erythrofuranosyl]adenin, 
(v) 9-[2-Deoxy-4-p-{diethylphosphono)methoxy-p-D-erythrofuranosyllguanin, 
(w) 1 -[2-Deoxy-4-p-(dietlTylphosphono)methoxy-p-D-erythrofuranosyl]cytosin, 
(x) 1 -(2-Deoxy-4-p-phosphonomethoxy-p-D-erythrofuranosyl)thymin-DinatriuTO^ 
(y) 9-(2-Deoxy-4-p-phosphonomethoxy-p-D-erythrofuranosyl)adenin-Monoamrno 
(z) 9K2-Deoxy-4-p-phosphonomethoxy-p-D-erythrduranosyl)guanin-Dinatriumsalz, 

(aa) 1 -(2-Deoxy-4-Pi3hosphonomethoxy-p-D-erythrofuranosy!)cytosin-Dinatriumsalz, 

(ab) 9-(2-Deoxy-4-p-(methylphosphono)methQxy-p-D-erythrofuranosyl)adenin-Natriumsaiz und 

(ac) 9-[2,3-Dideoxy-2,3<lidehydro-4-p-phssphonomethoxy-p-D-ei7throfuranosyl]^ 

9. Purin- Oder Pyrimidinderivat der Formel 111: 



X fOr H Oder AlkyI mit 1 bis 6 Kohlenstoffatomen steht, fQr H cxier OH steht und B fQr eine Base steht. die 
ausgewfihlt 1st unter Xanthin, substituiertem Xanthin, Guanin, substttuiertem Guanin, Purin, substitulertem 
Purin. Cytosin, substituiertem Cytosin. Uracil, substituiertem Uracil. Thymin. Adenin und substituiertem Ade- 
nin, und pharmazeutisch vertragliche Saize davon. 

10. Phosphonomethoxymethoxymethylpurin/pyrimidinderivat mit einer cyclischen Phosphonatgruppe der Forme! IV: 




Cf 



(III) 



worin 
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(IV) 



worin 



15 X for H Oder Alkyl mit 1 bis 6 Kbhienstoffatomen steht, fur H, AlkyI mit 1 bis 6 Kohlenstoffatomen. Hydro- 

xyalkyi mit 1 bis 6 Kohlenstoffatomen Oder AlkanoyI mit 2 bis 7 Kbhienstoffatomen steht und B fur eine Purin- 
oder Pyrimidinbase steht, die ausgewShlt ist unter Xanthin, substituiertem Xanthin, Guanin, suiastituiertem 
Cytosin, Uracil, substituiertem Uracil, Thymin. Adenin und substituiertem Adenin, und pharmazeutisch vertrag- 
liche Saize davon. 

20 

11 . Pharmazeutisches MIttel, umfassend als aktiven Bestandteil eine antivirale oder antiretrovirale Oder antineoplasti- 
sche Menge wenigstens einer Verbindung nach einem der Anspruche 1 bis 10 im Gemisch mit einem festen, flOs- 
sigen oder gasffirmigen VerdQnnungsmittel . 

25 12, Venwendung wenigstens einer Verbindung nach einem der AnsprOche 1 bis 10 zur Herstellung eines pharmazeu- 
tischen l^ittels zur Behandlung einer Infektion mit einem Virus oder Retrovirus oder zur Behandlung eines Tumors. 

13. Oligonukleotid. abgeleitet aus einem 5'-Phosphonomethoxytetrahydrofuran-2'-yl-purin/pyrimidin-Derivat nach 
einem der Anspruche 5 bis 8. 

30 

14. Verbindung der Formel V: 



35 




40 worin 

B fur eine Purin- oder Pyrimidinbase steht, die ausgewfihlt ist unter Xanthin, substituiertem Xanthin, Guanin. 
8-Bromguanin, 8-Chlorguanin-, 8-Aminoguanin, 8-Hydrazinoguanin. 8-HydrQxyguanin, 8-Methylguanin, 8- 
Thioguanin und 3-Deazaguanin, Purin, substituiertem Purin, Cytosin, substituiertem Cytosin, Thymin, Uracil. 
45 substituiertem Uracil, Adenin und substituiertem Adenin. 

15. Verbindung der Formel VI: 



50 




(VI) 



worin 
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X fur ein Halogen, Y fQr 




Oder ein Halogen und B fur eine Purin- oder Pyrimldlnbase steht, die ausgewdhit ist urtter Xanthin, subetituier- 
tem Xanthin. Guanin. substituiertem Guanin, Purin, suiDStituienem Purin, Cytosin, substituiertem Cytosin, Thy- 
min, Uracil, substituiertem Uracil, Adenin und substituiertem Adenin. 

16. Verbindung der Forme! VII: 




(VII) 



worin 

B for eine Purin- oder Pyrimidinbase steht, die ausgewahh ist unter Guanin, substituiertem Guanin, Cytosin. 
substituiertem cytosin. 5-substrtuiertem Uracil, z. B. 5-Chloruracil. 5-Bromuracil, 5-Ethyluracil. 5-loduracil, 5- 
Propyluracil und 5-Vinyluracil. wobei 5-FIuoruracil ausgenommen ist, und substituiertem Adenin, z. B. 3-Dea- 
zaadenin. 

17. Verbindung der Formel VIII: 




(VIII) 



wonn 

Y fur ein Halogen. 



R for Wasserstoff Oder AlkyI mrt 1 bis 6 Kbhienstoffatomen und B fOr eine Purin- oder Pyrimidinbase steht. die 
ausgewdhit ist unter Xanthin. substituiertem Xanthin, Guanin, substituiertem Guanin, Purin. substituiertem 
Purin. Cytosin, substituiertem Cytosin, Thymin, Uracil, substituiertem Uracil. Adenin und substituiertem Ade- 
nin. 

18. Verfahren zur Herstellung einer Verbindung der Formel 

n 



umfassend die Umsetzung einer Verbindung der Formel 
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o 

[i II 

R"CO 0 OCR" 



mit einem sil/lierten Purin oder einem sii/iierten Pyrimidin in Anwesenheit einer Lewissdure zu einer Verbindung 
der Forme! 



und die Umsetzung von 



o 

II 

R"CO> 



,B 



mit einer Verbindung der Forme! 



HO. 



o 

II 

.P(0R'")2 



wonn 

R" fQr eine Alkylgruppe mit 1 bis 6 Kbhienstoffatomen oder unsubstituiertes oder substitulertes Ary! stelit R*** 
fur Wasserstoff oder Ail^l mit 1 bis 6 Koiilenstoffatomen steht und B fur eine Purin-oder Pyrimidinbase steht, 
die ausgewdhit ist unter Xanthin. substituiertem Xanthin, Guanin, substituiertem Guanin, Purin. substituiertem 
Purin. Cytosin. substituiertem Cytosin, TTrymin. Uracii, substituiertem Uracil, Adenin und substituiertem Ade- 
nin, in Gegenwart einer LewissSure. 

19, Verfaliren zur Hersteliung einer Verbindung der Forme! 



umfassend die Umsetzung einer Verbindung der Forme! 

,0 




mit einer Verbindung der Forme! 
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(R«0). 



zu einer Verbindung der Formel 



und die Unrtsetzung von 



(RaO)2P. ^o^ ^ci 



o 

(RaO)2P, 



worm 

fOr eine Alkylgruppe mit 1 bis 6 Kbhienstoffatomen steht und B fQr eine Purin- oder Pyrlmidinbase steht. die 
ausgewahit ist unter Xanthin, substituiertem Xanthin, Guanin, substitulertem Guanin. Purin. substituiertem 
Purin. Cytosin. substituiertem Cytosin. TTiymin, Uracil, substituiertem Uracil, Adenin und substituiertem Ade- 
nin, mit einer Purin- oder Pyrimidinbase. 

20. Verfahren zur Herstellung einer Verbindung der Formel 



o 



HOT 



3 



umfassend die Umsetzung einer Verbindung der Formel 



mit einer Verbindung der Formel 



HO. .P(0R"')2 



wonn 



R"* for Wasserstoff oder AlkyI mit 1 bis 6 Kohlenstoffatomen und B fur eine Purin- oder Pyrimidinbase steht, die 
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ausgewahit ist unter Xanthin, substituiertem Xanthin, Guanin. substituiertem Guanin, Purin, substituiertem 
Purin, Cytosin, substituiertem Cytosin, Thymin, Uracil, substituiertem Uracil, Adenin und substituiertem Ade- 
nin, in Gegenwart einer Persaure. 

21 . Verfahren zur Herstellung einer Verbindung der Formel 




Y 



unrtfassend die Umsetzung einer Verbindung 

mit X-Y worin 

Xfur ein Halogen steht, 
Yfur 




Oder ein Halogen steht und 
X-Y for ein Halogen, 



2S-/0) Oder ZSe-(0 



steht, wobei 2 fur ein Halogen und B fur eine Purin- oder Pyrimidinbase steht. die ausgewahit ist unter Xanthin, 
substituiertem Xanthin, Guanin. substituiertem Guanin, Purin, substituiertem Purin, Cytosin, substituiertem 
Cytosin, Thymin, Uracil, substituiertem Uracil, Adenin und substituiertem Adenin. 



22. Verfahren zur Herstellung einer Verbindung der Formel 



umfassend die Umsetzung einer Verbindung der Formel 
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mit einer Verbindung der Formel 



o 

II 

(R"'0)2P, 




OH 



worin 



R*** fur Wasserstoff Oder Alkyl mit 1 bis 6 Kohlenstoffetomen und B fur eine Purin- Oder Pyrimidinbase steht, die 
ausgewdhit ist unter Xanthin, substituiertem Xanthin. Guanin. substituiertem Guanin, Purin. substituiertem 
Purin. cytosin, substituiertem Cytosin, Thymin, Uracil, substituiertem Uracil, Adenin und substituiertem Ade- 
nin, mit einer PersSure. 

23. Verfahren zur Hersteilung des pliarmazeutisclien Mittels nach Anspruch 1 1 , umfassend die Aufnahme wenigstens 
einer Verbindung nach einem der AnsprOche 1 bis 10 in ein festes, flOssiges Oder gasfOrmiges VerdDnnungsmlttel. 

Patentanspruche f iir folgenden Vertragsstaat : ES 

1 . Verfahren zur Hersteilung eines Phorphonomethoxymethoxymethylpurin- oder -pyrimidinderivates der Formel I: 



X und X' unabhangig voneinander fur Wasserstoff. Alkyl mit 1 bis 6 Kohlenstoffatomen oder das Kation einer 
salzbildenden Base stehen, 

R und R' unabhangig voneinander fur Wasserstoff, Alkyl mit 1 bis 6 Kohlenstoffatomen, HydroxyaikyI mit 1 bis 
6 Kohlenstoffatomen oder AlkanoyI mit 2 bis 7 Kohlenstoffatomen stehen, B fOr eine Purin- oder Pyrimidinbase. 
ausgewahit unter Xanthin, substituiertem Xanthin. Guanin, substituiertem Guanin, Purin. substituiertem Purin. 
Cytosin, substituiertem Cytosin, Thymin. Uracil, substituiertem Uracil, Adenin und substituiertem Adenin. 
steht 

und pharmazeutisch vertrdglicher Salze davon, 
umfassend die Umsetzung einer Verbindung der Formel 



0 

II 

XO-P. 




(I) 



R 



worm 




I" 
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mit einem silylierten Purin Oder einem siiylierten Pyrimidin in Anwesenheit einer LewissSure zu einer Verbin- 
dung der Forme! 



R"CO^O^B 



R 

10 



und die Umsetzung von 



IS 



R R' 



mit einer Verbindung der Formel 

25 O 



HO^ .P(0R'")2 



30 worin 

R" fQr eine Alkylgruppe mit 1 bis 6 Kohlenstoffatomen Oder unsubstrtuiertes Oder substituiertes Aryl steht. R'" 
fur Wasserstoff oder Alkyl mit 1 bis 6 Kohlenstoffatomen steht und B, R und R* die obigen Bedeutungen besit- 
zen, in Gegenwart einer Lewissdure. gegebenenlalls mit anschlie3ender Einfuhrung des gewOnschten Restes 
X und/oder X". 

35 

2. Verfahren nach Anspruch 1 zur Herstellung eines nach Anspruch 1 hergestellten Phosphonomethoxymethoxyme- 
thyipurin- oder -pyrimidinderivates, worin X und X* unabhangig voneinander fur H, Ethyl, Methyl oder Na stehen und 
R und R' unabhangig voneinander fur H oder CH3 stehen. 

40 3. Verfahren nach Anspruch 2 zur Herstellung eines nach Anspruch 2 hergestellten Purinderlvates, worin B fur Gua- 
nin Oder substituiertes Guanin steht und R', X und X" fOr H stehen. 



4. Verfahren nach Anspruch 1 zur Herstellung eines nach Anspruch 1 hergestellten Phosphonomethoxymethoxyme- 
thylpurin- oder -pyrimidinderivates, wobei das Derivat ausgewahit ist unter (a) 9-[(Phosphonomethoxy)methoxyme- 

45 thyljguanin-Dinatriumsalz, (b) 1-[(Phosphonomethoxy)methoxymethyl]cytosin-Dinatriumsalz, (c) 9- 
[(Phosphonomethoxy)methoxymethyl]adenin-Dinatriumsal2, (d) 9-[1 -(Phosphonomethoxy)ethoxymethyl]guanidin- 
Dinatriumsalz, (e) 9-[(2-Hydroxy-1-phosphonomethoxyethoxy)methyl]guanin-Dlnatriumsalz. (f) 9-[(2-Hydroxy-1- 
phosphonomethoxyethQxy)methyl]adenin-Dinatriumsalz, (g) 9-[(2-Hydroxy-1 -phosphonomethoxye- 

thoxy)methyl]cytosin-Dinatriumsal2 und (h) 9-[(2-Hydroxy-1-phosphonomethoxyethQxy)methyl]thymln-Dinatrium- 

so salz. 

5. Verfahren zur Herstellung einer der nach einem der Anspruche 1 bis 4 hergestellten Verbindungen, 
umfassend die Umsetzung einer Verbindung der Formel 



55 
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mit einer Verbindung der Fonmel 



zu einer Verbindung der Formel 

o 

(RaOfeP^ ^0. .O. .CI 



und die Umsetzung von 

o 

(RaO)2P. .0. /O. .C\ 



worin 



R und R* die in Anspruch 1 bis 4 angegebenen Bedeutungen besHzen. R^ fur eine Alkylgruppe mit 1 bis 6 Koh- 
lenstoffatomen steht und B fur eine Purin- Oder Pyrimidinbase steht, die ausgewahit ist unter Xanthin, substi- 
tuiertem Xanthin, Quanin. substituiertem Guanin, Purin, substituiertem Purin, Cytosin, substituiertenri Cytosin, 
Thymin, Uracil, substituierten Uracil, Adenin und substituiertem Adenin, mit einer Purin- Oder Pyrimidinbase, 
gegebenenfalls mit anschlieBender EinfQhrung des gewunschten Restes X und/oder X'. 

Verfahren zur Herstellung einer Verbindung der Formel I: 




(I) 



worin 



X und X' unabh^ngig voneinander fOr Wasserstoff, AlkyI mit 1 bis 6 Kohtenstoffatomen Oder das Kation einer 
salzbildenden Base stehen, R fQr CHaOH steht, R' fOr Wasserstoff steht und B fur eine Purin- oder Pyrimidin- 
base, ausgewahit unter Xanthin, substituiertem Xanthin, Guanin, substituiertem Guanin, Purin, substituiertem 
Purin, Cytosin, substituiertem Cytosin, Thymin, Uracil, substituiertem Uracil, Adenin und substituiertem Ade- 
nin, steht, 

und pharmazeutisch vertrdglicher Saize davon. 
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umfassend die Umsetzung einer Verbindung der Formel 




mil einer Verbindung der Formel 



HQ 



worin 

R" fur Wasserstoff oder AikyI mit 1 bis 6 Kbhienstoffatomen und B die obigen Bedeutungen besitzt. in Gegen- 
wart einer Persdure, gegebenentalls mit anschlieBender Einfuhrung des gewOnschten Restes X und/oder X'. 

Verfahren zur IHerstellung einer Verbindung der Formet i: 




worin 

X und X' unabhdngig voneinander fOr Wasserstoff. Ail<yl mrt 1 bis 6 Kohtenstoffatomen oder das Kation einer 
salzbildenden Base stelien, R fur CH2OH steht. R* fOr Wasserstoff steht und B fur eine Purin- oder Pyrimidin- 
base, ausgewdhit unter Xanthln. substituiertem Xanthin, Guanin. substituiertem Guanin. Purin. substituiertem 
Purin, Cytosin, substituiertem Cytosin, Thymin. Uracil, substituiertem Uracil, Adenin und substituiertem Ade- 
nin, steht. 

und pharmazeutisch vertrdglicher Saize davon, 
umfassend die Umsetzung einer Verbindung der Formel 




mit einer Verbindung der Formel 

o 

HO.^P(OR"')2 

worin 

R'" fur Wasserstoff oder AlkyI mit 1 bis 6 Kbhienstoffatomen und B die obigen Bedeutungen besitzt, gegebe- 
nenfalls mit anschlieBender Einfuhrung des gewQnschten Restes X und/oder X'. 



o 

II 

.P{0R"')2 
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8. Verfahren zur Herstellung eines Dihydro-2-furyl- Oder Tetrahydro-2-furyl-1-substituierten Pyrimidin- oder 9-substi- 
tuierten Purinderivates der Formel II: 



10 




(II) 



Y Z 



15 



wonn 



20 



25 



die gestrichelte Linie fur eine gegebenenialls vorhandene Bindung steht, X und X' unabhSngig voneinander fur 
H, AlkyI mit 1 bis 6 Kbhienstoffatomen oder das Kalion einer salzbildenden Base stehen. Y und Z unabhdngig 
voneinander fOr H. OH, unsubstituiertes Oder substituiertes Alkyt mit 1 bis 6 Kohlenstoffatomen stehen und Y 
und Z zusammen f Or ein Sauerstoffatom oder eine Methylengruppe stehen, wobei dann die gestrichelte Linie 
nicht vorhand&i ist. B fOr eine 9-substituierte Purin- oder eine 1-substituierte Pyrtmidinbase steht, die ausge- 
wdhtt 1st unter Xanthin, substituierter Xanthin, Guanin, substitulertem Guanin, Purin, substituiertem Purin. 
Cytosln. substituiertem Cytosin. Thymin, Uracil, substituiertem Uracil, Adenin und substituiertem Adenin. und 
pharmazeutisch vertrdglicher Saize davon, 
umfassend die Umsetzung einer Vertindung der Formein 



30 



35 




Oder 




mit einer Verbindung der Formel 



40 




worin 

45 R'" far Wasserstoff oder AlkyI mit 1 bis 6 Kohlenstoffatomen, X fOr Halogen, Y' fOr S-Phenyl. Se-Phenyl oder 

Halogen steht und B die obigen Bedeutungen besitzt. gegebenenfails mit anschlieBender EinfOhrung der 
gewunschten Reste X, X\ Y und/oder Z scwie einer Einfach- oder Doppelbindung, die in obiger Formel II durch 
die gestrichelte Linie dargestellt ist. 

so 9. Verfahren nach Anspruch 8 zur Herstellung eines nach Anspruch 8 hergestellten Purin- oder Pyrimidinderivates, 
worin Y und Z unabhangig voneinander fur AlkyI mit 1 bis 6 Kohlenstoffatomen stehen. das mit einem unter Halo- 
gen, Hydroxy, Amino oder Azido ausgewdhlten Substituenten substituiert ist. 

10. Verfahren nach Anspruch 8 zur Herstellung eines nach Anspruch 8 hergestellten Purinderivates, worin Z und Y fur 
55 H Stehen, die gestrichelte Linie fur eine Bindung steht, B fur Adenin oder substituiertes Adenin steht, und X und X' 

unabh&ngig voneinander fur H, Alkyt mit 1 bis 6 Kohlenstoffatomen, oder das Kation einer salzbildenden Base ste- 
hen. 

11. Verfiahren nach Anspruch 8 zur Herstellung eines nach Anspruch 8 hergestellten Purin- oder Pyrimidinderivates, 
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wobei das Derivat ausgewdhit ist unter 

(a) 1 ■(5-PhosphonomethoxytetrahydrO"2-furyl)thyrnin-Dinatriumsalz, 

(b) 1-[2,3-Dideoxy-2.3<!idehydro-4i3hosphonomethOKy-p-D-erythrduranosyQ%min-D 

(c) 1-[2,3-Dideoxy-2,3<lidehydro-4-p-(methylphosphono)-methoxy-p-D-erythrofur^ 

(d) 1 -[2.3-DideQxy-4-p-(methylphosphono)methoxy-p-D-erythrofuranosyl]th^ 

(e) 9-[2,3-DkieQxy-2,3Kjidehydro-4-p-(methylphosphono)-methoxy-p-D-erythro^^ 

(f) 9-[2,3-DideQxy-2,3-didehydro-4-p-(methylphosphono)Hi(iethoxy-p-D 

(g) 1-[2,3-Dideoxy-2,3<iidehydro-4-p-{me%lphosphono)-methoxy-p-D-erythrofuranosyO^ 

(h) 1 -[4-p-(Dimethylphosphono)methoxy-p-D-erythrof uranosyfjthymin, 

(i) 9-[4-p-(Dimethylphosphono)methoxy-p-D-erythrofuranosyl]adenin, 
(j) 9-[4-p-(Dimethylphosphono)methoxy-p-D-erythrofuranosyI]guanin, 
(k) 1 -[4-p-(Dinriethylphosphono)methoxy-p-D-erythrofuranosyl]cytosin. 
(1) 1 -[4-p-(Methylphosphono)methoxy-p-D-erythrofuranosyl]thymin, 
(m) 9-[4-p-(Methylphosphono)methQxy-p-D-erythrofuranosyqadenin. 
(n) 9-[4-p-(Methylphosphono)methoxy-p-D-erythrofuranosyI]guanin, 
(o) 1 ■[4-p-(Methylphosphono)methoxy-p-D-erythrofuranosyl]cytosin, 

(p) 1 -[4-p-Phosphonomethoxy-p-D-erythrofuranosyl]-thymin-DinaUiumsal2, 

(q) 9-[4-p-Phosphonomelhoxy-p-D-erythrofuranosyl]adenin-Dinatriumsal2, 

(r) 1 -(4-p-PhosphonomethOKy-p-D-erythrofuranosyqcytosin-Dinatriumsalz. 

(s) 1 -[4-p-Phosphonomethoxy-D-erythrofuranosyl]cytosin-Dinatriumsal2, 

(t) 1 -[2-Deoxy-4-p-(diethylphosphono)methoxy-p-D-erythrofuranosyllthymin, 

(u) 9-[2-Deoxy-4-p-(diethylphosphono)methoxy-p-D-erythrofuranosyl]adenin, 

(v)942-Deoxy-4-p-(diethylphosphono)methoxy-p-D-erythrofuranosyl]guanin^ 

(w) 1 -[2-Deoxy-4-p-(diethylphosphono)methQxy-p-D-erythrofuranosyf]cytosin, 

(x) 1 -(2-Deoxy-4-Pi5hosphonomethoxy"p-D-erythrofuranosyl)thymin-Diratriumsalz, 

(y)9-(2-Deoxy-4-Pi)hosphonomethoxy-p-D-erythrofuranosyl)adenin-Monoammoniun^ 

(z) 9-(2-Deoxy-4-Pi5hosphonomethoxy-p-D-erythrofurariosyl)guanin-Dinatriumsalz. 

(aa) 1-(2-Deoxy-4-p-phosphonomethoxy-p-D-erythrcjfuranosyl)cytosin-Dinatriumsalz, 

(ab) 9-(2-Deoxy-4-p-(methylphosphono)methoxy-p-D-erythrofuranosyl)adenin-Natriurn^ und 

(ac) 9-[2,3-Dideoxy-2.3-didehydro-4-p-phosphonomethoxy-p-D-erythrofuranosyl]adenin-Monoammon^ 
salz. 

12. Verfahren nach Anspruch 8, zusStzlich umfessend die Umwandiung einer Verbindung der Formel 




in ein Purin- oder Pyrimidinderivat der Formel III: 



XC-P 



0 

II 




(III) 
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worm 

X und X* fur H. Alkyt mit 1 bis 6 Kohlenstoffatomen oder das Kation einer salzbifdenden Base stehen, Z und 
unabhdngig voneinander fur H oder OH stehen und B fur eine Base steht. die ausgewdhlt ist unter Xanthin. 
substituiertem Xanthin. Quanin, substituiertem Guanin, Purin. substituiertem Putin. Cytosin. substituiertem 
Cytosin. Uracil, substituiertem Uracil, Thymin, Adenin und substituiertem Adenin, und pharmazeutisch vertrdg- 
liche Saize davon. 

13. Verfahren nach einem der Anspruche 1 oder 6, zusStzlich umfassend die Umwandiung einer Verbindung der For- 
mel 




HO 



in ein Phosphonomethoxymethoxymethylpurin/pyrimldinderivat mit einer cyclischen Phosphonatgruppe der Formal 

IV: 




(IV) 



wonn 

X fQr H, AlkyI mit 1 bis 6 Kohlenstoffatomen steht. oder das Kation einer salzbildenden Base steht. R' und R*' 
unabhSngig voneinander fur H, AlkyI mit 1 bis 6 Kohlenstoffatomen, HydroxyalkyI mit 1 bis 6 Kohlenstoffato- 
men Oder AlkanoyI mit 2 bis 7 Kohlenstoffatomen stehen und B fur eine Purin- oder Pyrimidinbase steht. die 
ausgewahit ist unter Xanthin. substituiertem Xanthin. Quanin, substituiertem Cytosin, Uracil, substituiertem 
Uracil, Thymin, Adenin und substituiertem Adenin, und pharmazeutsch vertragliche SaIze davon. 

14. Venwendung wenigstens einer Verbindung nach einem der AnsprOche 1 bis 13 zur Herstellung eines pharmazeu- 
tischen Mittels zur Behandlung einer Infektlon mit einem Virus Oder Retrovirus oder zur Behandiung eines Tumors. 

15. Verfahren zur Herstellung eines aus einem 5'-Phosphonomethoxytetrahydrofuran-2'-yl-purin/pyrimidin-Derivat 
nach einem der AnsprOche 8 bis 11 abgeleiteten Oligonukleotides. 

16. Verfahren zur Herstellung einer Verbindung der Formel V: 



{' 



(V) 



wonn 
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B fur eine Purin- oder Pyrimtdinbase steht. die ausgewdhit ist unter Xarrthin, substituiertem Xanthin. Guanin. 
S-Bromguantn, 8-ChIorguanin-. d-Aminoguanin, 8-Hydrazjnoguanin, 8-Hydroxyguanin. 8-Methylguanin, 8- 
Thioguanin und 3-Deazaguanin, Purin, substituiertem Purin. Cytosin, substituiertem Cytosin. Thymin. Uracil, 
substituiertem Uracil, Adenin und substituiertem Adenin, 
umfassend die Eiiminierung von H*Y' aus einer Verbindung der Forme! 




worin 

Y* for S-Ph, Se-Ph Oder ein Halogen steht und B die obigen Bedeutungen besitzt. 
17. Verfaliren zur Herstellung einer Verbindung der Forme!: 




Y 



umfassend die Umsetzung einer Verbindung der Forme! 




mit X-Y 
worin 

X for ein Halogen, 

Y fur S-Ph, Se-Pii oder ein Halogen steht 
und 

X-Y fur ein Halogen, ZS-Ph oder ZSe-Ph steht worin Z fOr ein Halogen und B fur eine Purin- oder Pyrimidin- 
base steht, die ausgewahit ist unter Xanthin. substituiertem Xanthin, Guanin, substituiertem Guanin, Purin, 
substituiertem Purin. Cytosin, substituiertem Cytosin. Thymin, Uracil, substituiertem Uracil, Adenin und sut>sti- 
tuiertem Adenin. 

18. Verfahren zur Herstellung einer VeriDindung der Forme! VIII: 




(VIII) 



worin 
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Y fur ein Halogen, S-Ph oder Se-Ph steht, R fur Wasserstoff Oder AlkyI mit 1 bis 6 Kohlenstoffatomen und B 
for eine Purin- Oder Pyrimidinbase steht. die ausgewahlt ist unter Xanthin. substituiertem Xanthin, Guanin, 
substituiertem Guanin, Purin, substituiertem Purin. Cytosin, substituiertem Cytosin, Thymin, Uracil, substitu- 
iertem Uracil, Adenin und substituiertem Adenin. 
umfassend die Umsetzung einer Vertindung der Formel 




Y 



mit einer Verbindung der Formel 

0 

II 



wonn 



X fOr Halogen steht und Y. R und B die obigen Bedeutungen besitzen. 
19. Verfahren zur Herstellung einer Verbindung der Formel 



0 

II 



umfassend die Umsetzung einer Verbindung der Formel 



mit einer Verbindung der Formel 



HO 




8 




worm 



R"' fur Wasserstoff Oder AlkyI mit 1 bis 6 Kohlenstoffatomen und B fQr eine Purin- oder Pyrimidinbase steht. die 
ausgewahit ist unter Xanthin, substituiertem Xanthin, Guanin, substituiertem Guanin. Purin. substituiertem 
Purin, Cytosin, substituiertem Cytosin, Thymin, Uracil, substituiertem Uracil, Adenin und substituiertem Ade- 
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nin, mit einer Persflure. 

20. Verfahren zur Herstellung eines pharmazeutischen Mittels, umfassend die Aufnahme wenigstens einer nach einem 
der AnsprQche 1 bis 13 hergestellten Verbindung in ein testes, flussiges oder gasfdrmiges Verdunnungsmtttel. 

Revendications 

Revendlcattons pour les Etats contractants sulvants : AT, BE, CH, DE, DK, FR, GB, GR, IE, IT, U, LU, MC, NL, 
PT,SE 

1 . D6riv6 de phosphonom6thoxym^oxym6thyl purine ou pyrtmidine de la fbrnnule i : 



X et X' sont ind^endamment hydrog^ne, atkyle ayant 1 k 6 atomes de carbone. ou bien le cation d'une base 
fbrmant un sel, 

R et R* sont ind6pendamment hydrog^ne, alkyle ayant 1 k 6 atomes de carbone, hydroxyatkyle ayant 1 k 6 ato- 
mes de carbone ou alcanoyle ayant 2k7 atomes de carbone. 

B est une base de purine ou de pyrimidine s6lectionn6e dans le groupe consistant en xanthine, xanthine subs- 
titute, guanine, guanine substitute, purine, purine substitute, cytosine. cytosine substitute, thymine, uracile, 
uracile substitut, adtnine et adtnine substitute, 

et leurs sels pharmaceutiquement acceptables. 

2. Dtrivt de phosphonomtthoxymtthoxymtthyi purine ou pyrimidine selon la revendication 1 , ou X et X* sont indt- 
pendamment H, tthyle, mtthyle, ou Na, et 

R et R' sont indtpendamment H ou CH3. 

3. Dtrivt de purine selon la revendication 2 oij B est guanine ou guanine substitute, et R', X et X sont H. 

4. Dtrivt de phosphonomtthoxymtthoxymtthyi purine ou pyrimidine selon la revendication 1 . ou ledit dtrivt est 
stiectionnt dans le groupe consistant en (a) sel disodique de 9-[(phosphonomtthoxy)mttiioxymtthyl]guanine, (b) 
sel disodique de 1-[(phosphonomtthQxy)mtthoxymtthyl]cytosjne, (c) sel disodique de 9-[(phosphonomt- 
thoxy)mtthoxymtthyOadtnine, (d) sel disodique de 9-[1-{phosphonomtthoxy)tthoxy mtthyl]guanine, (e) sel diso- 
dique de 9-[(2-hydroxy-1-phosphonomtthoxytthoxy)mttiTyl]guanine, (f) sel disodique de 9-[(2-hydroxy-1- 
phosphonomtthoxyttiioxy)mtthyl]adtnine, (g) sel disodique de 9-[(2-hydroxy-l-phosphonomtthoxyt- 
thoxy)mtthyl]cytosine et (h) sel disodique de 9-[(2-hydrQxy-1 -phosphonomtthoxytthoxyjmtthyljthymine. 

5. Dtrivt de pyrimidine dihydro-2-f uryle ou tttrahydrO'2-furyl-1 -substitute ou de purine 9-substitute de la formule II : 



0 
II 



B 




ou 




V 



Z 
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ou 



la ligne interrompue se rapporte k une tiaison facultative, X et X' sont ind^endamment H, alkyle avec 1 k 6 
atomes de carbone ou bien le cation d'une base formant un sel. 

Y et Z sont ind^pendamnnent H. OH. alkyle non substitu^ ou substitu^ ayant 1 k 6 atomes de carbone, et 

Y et Z sont ensemble un atome d'oxyg^ne ou un groupe m^thyl^ne auquel cas la ligne interrompue est 
absente, 

B est une base de purine 9-substitu6e ou de pyrimidine 1 -substitute stiectionnte dans le groupe consistant 
en xanthine, xanthine substitute, guanine, guanine substitute, purine, purine substitute, cytosine. cytosine 
substitute, thymine, uracile, uracile substitut, adtnlne et adtnine substitute, 
et leurs sels pharmaceutiquement acceptables. 

Dtrivt de purine ou de pyrimidine selon la revendication 5, ou Y et Z sont Indtpendamment alkyle ayant 1^6 ato- 
mes de carbone, substitut par un substituant stiectionnt dans le groupe consistant en halogtne, hydroxy, amino, 
ou azido. 

Dtrivt de purine selon la revendication 5 ou Z et Y sont H, la ligne interrompue est une liaison, B est adtnlne ou 
adtnine substitute, et X et X' sont indtpendamment H, alkyle avec 1 k 6 atomes de carbone. ou bien le cation 
d'une base formant un sel. 

Dtrivt de purine ou de pyrimidine selon la revendication 5 oD ledit dtrivt est stiectionnt dans le groupe consistant 
en : 

(a) sel disodique de 1-(5-phosphonomtthQxytttrahydro-2-furyl)thymine. 

(b) sel disodique de 1-[2,3-didtsoxy-2,3-didtshydro-4-phosphonomttiioxy-btta-D-trytiirofuranosyl] thymine. 

(c) sel de sodium de 1-[2.3-didtsoxy-2,3-didtshydro-4-b§ta-(mttiiylphosphono)-mtthoxy-btta-D-trythrofura- 
nosyilthymine, 

(d) se! de sodium de 1-[2.3-didtsoxy-4-b§ta(mttiiylphosphono)mtthoxy-b6ta-D-trythrofuranosyl]thymine, 

(e) sel de sodium de 9-[2,3-didtsoxy-2,3-didtshydro-4-btta-(mttiiylphosphono)-mttiioxy-b§ta-D-trythrofura- 
nosyljadtnine. 

(f) sel de sodium de 9-[2,3-didtsoxy-2,3-didtshydro-4-btta-(mtthylphosphono)-mtthoxy-btta-D-trythrofura- 
nosyl]guanine, 

(g) set de sodium de 1-[2,3-didtsoxy-2,3-didtshydro-4-b§ta-(mtthylphosphono)-mtthoxy-btta-D-trythrofura- 
nosyljcytosine, 

(h) 1 -[4-bfita-(dimtthylphosphono)mttiioxy-b§ta-D-trythrofuranosyl]tiiymine, 

(i) 9-[4-btta-(dimttiiylphosphono)mtthQxy-btta-D-trytiirofuranosyl]adtnlne. 
(j) 9-[4-btta-(dimtthylphosphono)mtthoxy-b6ta-D-trytiirofuranosyI]guanine. 
(k) 1 -[4-b6ta-(dimtthylphosphono)mtthoxy-b§ta-D-trythrofuranosyl]cytosine, 
(I) 1 -[4-btta-(mttiiylphosphono)mtthoxy-btta-D-trythrofuranosyl]thymine, 
(m) 9-[4-btta-(mtthylphosphono)mtthoxy-btta-D-trythrofuranosyl]adtnine. 
(n) 9-[4-b§ta-(mtthylphosphono)mtthoxy-btta-D-trytiirofuranosyl]guanine. 
(o) 1 -[4-btta-{mtthylphosphono)mttiioxy-btta-D-trytiirofuranosyl]cytosine, 

(p) sel disodique de 1-[4-btta-phosphonomtttioxy-b§ta-D-trythrofuranosyl]tiiymine. 

(q) sel disodique de 9-[4-b§ta-phosphonomttiioxy-btta-D-trythrofuranosyl]adtnine, 

(r) set disodique de 1-[4-b6ta-phosphonomtthoxy-btta-D-trythrofuranosyQcytosine, 

(s) sel disodique de 1-[4-b§ta-phosphonomttiioxy-D-trythrofuranosyl]cytosine, 

(t) 1 -[2-dtsoxy-4-btta-(ditthylphosphono)mttiioxy-b§ta-D-trytiirofuranosyl]thymine. 

(u) 9-[2-dtsoxy-4-btta-(ditthylphosphono)mtthoxy-btta-D-trythrofuranosyl]adtnine. 

(v) 9-[2-dtsoxy-4-btta-(ditttiylphosphono)mtthoxy-b6ta-D-trythrofuranosyl]guanin6. 

(w) 1 -9-[2-dtsoxy-4-btta-(ditthylphosphono) mtthoxy-b§ta-D-trythrofuranosyi]cytosine. 

(x) sel disodique de 1-(2-dtsoxy-4-b§ta-phosphonomtthQxy-btta-D-trytiirofuranosyl]thymine, 

(y) sel de monoammonium de 9-(2-dtsoxy-4^^tta-phosphonomtthoxy-bSta-D-trythrofuranosyl]adtnine, 

(z) sel disodique de 9-(2-dtsoxy-4-b§ta-phosphonomtthoxy-bdta-D-trytiirofuranosyl]guanine, 

(aa) sel disodique de 1-(2-dtsoxy-4-btta-phpsphonomtthoxy-btta-D-trytiirofuranosyl]cytosine, 

(ab) sel de sodium de 9-(2-dtsoxy-4-btta-(mttiiylphosphono)mttiioxy-btta-D-trythrofuranosyl)adtnine. et. 

(ac) sel de monoammonium de 9-[2.3-didtsoxy-2,3-didtshydro-4-btta-phosphono-mtthoxy-btta-D-trytiirofu- 
ranosyl] adtnine. 



Dtrivt de purine ou de pyrimidine de la formule III : 
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(III) 



ou 



75 X est H, aikyle avec 1^6 atomes de carbone, est H ou OH et B est une base s^lectionn^e dans le groupe 

consistartt en xanthine, xanthine substitute, guanine, guanine substitute, purine, purine substitute, cytosine, 
cytosine substitute, uracile, uracile substitute thymine, adtnine et adtnine substitute, et leurs sels pharma- 
ceutiquement acceptables. 

20 10. Dtrivt de phosphonomtthoxymtthoxymtthyl purine/pyrimidine ayant un groupe phosphonate cyclique de la for- 
mula iV : 



0 



25 



30 



xo — P^O^ 



0- 



IV) 



OU 



35 X est H, aikyle avec 1 k 6 atomes de carbone. R° est H. aikyle avec 1 k 6 atomes de carbone. hydroxyalkyle 

avec 1 k 6 atomes de cartx}ne. ou alcanoyie ayant 2k7 atomes de carbone. et B est une base de purine ou 
de pyrimidine stiectionnte dans le groupe consistant en xanthine, xanthine substitute, guanine, cytosine 
substitute, uradle. uracile substitut, thymine, adtnine et adtnine sut}strtute. et leurs sels pharmaceutique- 
ment acceptables. 

40 

11. Composition pharmaceutique comprenant comme ingrtdient actif une quantitt anti-virale ou anti-rttrovirate ou 
anti-ntoplastlque d'au moins un compost selon Tune quelconque des revendications 1 d 10 en mtlange avec un 
diluant solide, liquide ou gazeux. 



45 12. Utilisation d'au moins un compost seion Tune quelconque des revendications 1^10 pour la prtparatlon d'une 
conrposition pharmaceutique pour le traltement d'une infection par un virus ou un rttrovirus ou pour le traitement 
d'une tumeur. 

1 3. Oligonucltotide provenant d'un dtrivt de 5'i3hosphonomtthoxytttrahydrofuran-2'-yl-purlne/pyrimidin© selon Tune 
so quelconque des revendications 5^8. 

14. Compost de la formula V : 

O B 

55 / \ I (V) 
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u 



B est une base de purine ou de pyrimidine s6lectionn6e dans le groups consistant en xanthine, xanthine subs- 
titute, guanine, 8-bromoguanine, 8-chloroguanine, 8-aminoguanine, 8-hydrazinoguanine, 8-hydroxyguanine. 
8-m6thylguanine, 8-thioguanine et 3-d6sazaguanine, purine, purine substitute, cytosine, cytosine substitute, 
thymine, uraciie, uradle substrtut, adtnine et adtnine substitute. 

15. Conrpost de la formule VI : 




(VI) 



X est un halogtne, Y est 



ou un halogtne et B est une base de purine ou de pyrimidine stiectionnte dans le groupe consistant en xan- 
thine, xanthine substitute, guanine, guanine sut>stitute, purine, purine substitute, cytosine, cytosine substi- 
tute, thymine, uraciie. uraciie substitut, adtnine et adtnine substitute. 

1 6. Conrpost de la formule Vll : 




(VIII 



ou 

B est une base de purine ou de pyrimidine stiectionnte dans le groupe consistant en guanine, guanine subs- 
titute, cytosine, et cytosine substitute, 5-uracile substitut, par exemple 5-chlorouracile. 5-bromouracile, 5- 
tthyluracile. 5-iodouracile. 5-propyluracile et 5-vinyluracile. 5-fluorouracile ttant exceptt, et adtnine substi- 
tute, par exempie, 3-dtazaadtnine. 

17. Conrpost de la formule VIII : 



(VIII) 



ou 



Y est un halogtne, 
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R est hydrogfene ou alkyle avec 1 k 6 atomes de cariDone et B est une base de purine ou de pyrimidine s61ec- 
tionn6e dans te groupe consistant en xanthine, xanthine substitute, guanine, guanine substitute, purine, 
purine substitute* cytosine, cytosine substitute, thymine, uracile, uraciie substttut, adtnine et adtnine substi- 
tute. 

10 

18. Proctdt de prtparation d*un compost de la tormuie 



15 



(R"'0)2P> A A 



20 



25 



30 



comprenant la rtaction d'un compost de la formula 



o 

II 



avec une purine silylte ou une pyrimidine siiylte en prtsence d'un acide de Lewis pour former un compost 
de la formula 




35 et rtaction dudit 



0 
II 

R^CO. 



40 



avec un compost de la formula 



45 



50 en prtsence d'un acide de Lewis, ou R" est un alkyle ayant 1 k 6 atomes de carbons ou un aryle non substltut ou 
substttut. R*** est hydrogtne ou alkyle avec 1 k 6 atomes de carbone et B est une base de purine ou de pyrimidine 
stiectionnte dans le groupe consistant en xanthine, xanthine substitute, guanine, guanine substitute, purine, 
purine substitute, cytosine, cytosine substitute, thymine, uracile. uracile substitut, adtnine et adtnine substitute. 

55 1 9. Proctdt de prtparation d'un compost de Ja formule 
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a " O 0 B 



comprenant la reaction d'un compost de la iormule 

CK ^0^ ^0^ ✓CI 



avec un compost de la formule 



(R^OhPNa 



pour former un compose de la formule 

o 

a " 



,0^ ^Cl 




avec une base de purine ou de pyrimidine, ou est un aikyle ayant 14 6 atomes de carbone et B est une base 
de purine ou de pyrimidine s^lectionn^e dans le groupe consistant en xanthine, xanthine substitute, guanine, gua- 
nine substitute, purine, purine substitute, cytosine. cytosine substitute, thymine, uradle. uracile substitut, adt- 
nine et adtnine substitute. 

20. Proctdt de prtparation d'un compost de formule 




HO- 

comprenant la rtaction d'un compost de la formule 
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avec un compost de la formule 



HO^ 



»(0R'")2 



en pr^ence d'un p^radde. ou R'" est hydrog^ne ou alkyie avec 1^6 atomes de carbone et B est une base de 
purine ou de pyrimidine s^lectionn^e dans le groupe consistant en xanthine, xanthine substitute, guanine, guanine 
substitute, purine, purine substitute, cytosine, cytosine substitute, thymine, uracile, uradle substitut, adtnine et 
adtnlne substitute. 

21 . Proctdt de prtparatlon d'un conrpost de la formule 




conprenant la rtaction d'un compost 




avec X-Y. ou 

X est un haiogtne. 
Vest 



ou un haiogtne, 
et 

X-Y est un haiogtne, 



2S-0 ou zse-0 , 



OU Z est un haiogtne et B est une base de purine ou de pyrimidine stiectionnte dans le groupe consistant en 
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xanthine, xanthine substitute, guanine, guanine substitute, purine, purine substitut , cytosine, cytosine subs- 
titute, thymine, uracil e, uradle substitut, adtnine et adtnine substitute. 

22. Proctdt de prtparation d'un compost de formule 




HO 



comprenant la rtaction d'un compost de formule 




avec un compost de formule 

0 




avec un ptracide, ou R'" est hydrogtne ou alkyle avec 1 k 6 atomes de carbone et B est une base de purine ou de 
pyrimidine stiectionnte dans le groupe consistent en xanthine, xanthine substitute, guanine, guanine substitute, 
purine, purine substitute, cytosine, cytosine substitute, thymine, uracile. uracile substitut. adtnine et adtnine 
substitute. 

23. Proctdt de prtparation de la composition pharmaceutique de la revendlcatton 1 1 qui comprend Ttncorporation 
d'au moins un conrtpost selon I'une quelconque des revendications 1^10 dans un diluant solide, liquide ou 
gazeux. 

Revendications pour TEtat contractant suivant : ES 

1 . Proctdt de prtparation d'un dtrivt de phosphonomtthoxymtthoxymtthyl purine ou pyrimidine de la formule I : 



0 B 
II 




ou 

X et X' sont indtpendamment hydrogtne. alkyle ayant 1 k 6 atomes de carbone. ou bien le cation d'une base 
formant un sei. R et R' sont indtpendamment hydrogtne, alkyle ayant 1 k 6 atomes de carbone, hydroxyalkyle 
ayant 1 k 6 atomes de carbone ou aicanoyie ayant 2k7 atomes de carbone. B est une base de purine ou de 
pyrimidine stiectionnte dans le groupe consistant en xanthine, xanthine substitute, guanine, guanine substi- 
tute, purine, purine substitute, cytosine, cytosine substitute, thymine, uracile. uracile substitut, adtnine et 
adtnine substitute, et leurs sels pharmaceutiquement acceptables, 
comprenant la rtaction d'un compost de la formule 
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avec une purine sily16e ou une pyrimtdine silylde en presence d'un acide de Lewis pour former un composd de 
la formula 



II 




et la reaction dudit 




avec un composd de la formuie 



P(0R")2 



en presence d'un acide de Lewis. oIj R" est un alkyle ayant 1 k 6 atomes de carbone ou un aryle non substitu^ 
ou substttu^, R" est hydrog^ne ou alkyle avec 1 k 6 atomes de carbone et B, B et R* ont les significations ci- 
dessus, avec ensuite facultativement rintroduction du r^sidu X et/ou X* souhait6. 

Proc6d6 selon la revendication 1 pour la preparation d'un d6riv6 de phosphonom6thoxym6thoxym6thyl purine ou 
pyrimidine pr6par§ k la revendication 1 . ou X et X* sont ind6pendamment H, 6thyle. m6thyle, ou Na. et R et R' sont 
ind^pendamment H ou CH3. 

Proc6d6 selon la revendication 2 pour la proration d'un d6riv6 de purine tei que prepare k la revendication 2 oCi 
B est guanine ou guanine substitu6e, et R\ X et X' sont H. 

Proc6d6 selon la revendication 1 pour la preparation d'un derive de phosphonomethoxymethoxymethyl purine ou 
pyrimidine tel que prepare k la revendication 1 , ou ledit derive est s^lectionne dans le groupe consistant en (a) sel 
disodique de 9-[(phosphonomethoxy) m6thoxymethyl]guanine. (b) sel disodique de 1-[(phosphonome- 
thoxy)methoxymethyQcytosine, (c) sel disodique de 9-[(phosphonomethoxy)methoxym§thyl]adenine. (d) sel disodi- 
que de 9-[1-{phosphonom6thoxy)ethQxym6thyl]guanine, (e) sel disodique de 9-[(2-hydroxy-1- 
phosphonom6thoxy6thoxy)m6thyl]guanine, (f) sel disodique de 9-[(2-hydrQxy-1-phosphonom6thoxy6- 
thoxy)m6thyGad6nine, (g) sel disodique de 9-[(2-hydroxy-1-phosphonom6thoxyethoxy)m6thyl]cytosine et (h) sel 
disodique de 9-[(2-hydroxy-1-phosphonom6thoxy6thoxy)m6thyl]thymine. 

Precede de preparation de I'un des composes tel que prepare aux revendications 1 k 4 comprenant la reaction d'un 
compose de la formuie 
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avec un compost de ta formuie 



10 



O 

(R^0)2PNa 



f5 pour former un compos6 de la formuie 

0 



20 




25 



30 



et reaction dudit 




avec une base de purine ou de pyrimidine, ou R et R' ont les significations d^finies k la revendication 1 ^ 4 et R^ 
35 est un alkyle ayant 1 k 6 atcmes de cartwne et B est une base de purine ou de pyrimidine s6lectionn6e dans le 
groupe consistant en xanthine, xanthine substitute, guanine, guanine substitute, purine, purine substitute, cyto- 
sine, cytosine substitute, thymine, uracile, uracile substrtut, adtnine et adenine substitute, facuitativement avec 
ensuite introduction du rtsidu X et/ou X' souhaitt. 

40 6. Proctdt de prtparation d'un compost de la formuie I 



45 



XO- 



II 



R R 



50 



55 



ou 



X et X sont indtpendamment hydrogtne, alkyle ayant 1 ^ 6 atomes de carbone, ou bien le cation d'une base 
formant un set, R est CH2OH, R' est hydrogtne, et B est une base de purine ou de pyrimidine stiectionnte 
dans le groupe consistant en xanthine, xanthine substitute, guanine, guanine substitute, purine, purine subs- 
titute, cytosine. cytosine substitute, thymine, uracile. uracile substitut. adtnlne etadtnine substitute, et leurs 
sels pharmaceutiquement acceptables, comprenant la rtaction d'un compost de la formuie 
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B 



10 



15 



avec un compost de la formute 



.P(OR' ' ^2 



en presence d'un p6racide, ou R'" est hydrogens ou alkyle avec 1 k 6 atomes de carbone et B a les significa- 
tions d-dessus avec ensuite facultativement introduction du r6sidu X et/ou X* souhart6. 

20 7. Proc6d6 de preparation d'un compos6 de formule I ^ 



25 



0 
II 

XO-P 



OX* 



T 



B 
N 



(I) 



30 



ou 



35 



X et X' sont ind6pendamment hydrog6ne, alkyle ayant 1 k 6 atomes de carbone. ou bien le cation d'une base 
formant un sel, R est CH3, R* est hydrog^ne, et B est une base de purine ou de pyrimidine s6lectionn§e dans 
le groupe consistent en xanthine, xanthine substitu6e, guanine, guanine substitu6e, purine, purine substitu6e, 
cytosine, cytosine substitu6e, thymine, uracile, uracile substitu6, adenine et adenine substitute, et leurs sels 
pharmaceutiquement acceptables, 
comprenant la r6action d'un compos6 de la formule 



40 




45 



avec un compost de la formule 



50 



.P(OR' ")2 



ou 

55 R"' est hydrogtne ou atkyle avec 1 k 6 atomes de carbone et B a la signification ci-dessus. avec ensuite facul- 

tativement rintroduction du rtsidu X et/ou X' souhait6. 

8. Proc6d6 de preparation d'un d6riv6 de pyrimidine dihydro-2-furyle ou t6trahydro-2-furyl-1-substitu6 ou purine 9- 
substitut formule II : 
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XC- 




Y Z 



c: 



ou 



la ligne interrompue indique une liaison facultative, X et X' sont ind^pendamment H, alkyle avec 1 ^ 6 atonies 
de cartx>ne ou bien le cation d'une base formant un sel, Y et Z sont ind6pendamment H. OH, alkyle non subs- 
titu6 ou substitu^ ayant 1 ^ 6 atomes de cartx)ne. et Y et Z sont ensemble un atome d'oxyg^ne ou un groupe 
m^thyl^ne auquel cas la ligne interrompue est absente, B est une base de purine 9-substitu^e ou de pyrimi- 
dlne 1 -substitute s^ectionnte dans le groupe consistant en xanthine, xanthine substitute, guanine substi- 
tute, purine, purine substitute, cytosine, cytosine substitute, thymine, uracile, uracile substitut, adtnine et 
adtnine 

substitute, et leurs sels pharmaceutiquement acc^tables, comprenant la rtaction d'un compost des formu- 



le 



ou 



/ ou 



B 



avec un compost de la formute 



.P(OR' ")2 



ou 

R'" est hydrogtne ou alkyle avec 1 k 6 atomes de carbone, X est halogtne, V est S-phtnyle, Seijhtnyle, ou 
halogtne, et B a les significations ci-dessus, avec ensuite facultativement I'introduction des rtsidus souhaitts 
X, X', Y, et/ou Z ainsi qu'une simple ou double liaison comme indiqut par la iigne interrompue dans la formula 
II ci-dessus. 

9. Proctdt selon la revendlcation 8 pour la prtparation d*un dtrivt de purine ou de pyrimldine tel que prtpart k la 
revendication 8, ou Y et Z sont indtpendamment alkyle ayant 1 k 6 atomes de carbone substitut par un substituant 
stlectionnt dans le groupe consistant en halogtne, hydroxy, amino, ou azido. 

10. Proctdt selon la revendlcation 8 pour la prtparation d'un dtrivt de purine tel que prtpart k la revendication 8 ou 
Z et Y sont H, la ligne interrompue est une liaison, B est adtnine ou adtnine substitute, et X et X' sont indtpen- 
damment H, alkyle avec 1 k 6 atomes de carbone, ou bien le cation d'une base formant un sel. 

11. Proctdt selon la revendication 8 pour la prtparation d'un dtrivt de purine ou de pyrimidine tel que prtpart k la 
revendication 8, ou ledit dtrivt est stlectionnt dans le groupe consistant en 

(a) sel disodique de 1-(5-phosphonomtthoxytttrahydro-2-furyl)thymine. 

(b) sel disodique de 1-[2,3-didtsoxy-2,3-didtshydro-4-phosphonomtthoxy-btta-D-trythrofuranosyl] thymine, 

(c) sel de sodium de 1-[2,3-didtsoxy-2,3-didtshydro-4-b6ta-(mtthylphosphono)-mtthoxy-btta-D-trythrofura- 
nosyl]thymine, 
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(d) se! de sodium de 1-[2.3<lid6soxy-44)6ta(m6%lphosphono)m6thoxy-b§ta-D-6rythrofuranosyll thymine, 

(e) sel de sodium de 9-[2,3<lid6soxy-2,3<lid§shydro-4-b§ta-(m6thylphosphono)-m6thoxy4)§ta-D-6rym 
nosy[]ad^ine, 

(f) sel de sodium de 9-[2.3<lid6soxy-2,3<ltd6shydro-4-b§ta-(m6thyiphospiiono)-m6thoxy43§ta-D-6r 
nosyQguanine. 

(g) set de sodium de 1-[2.3<lidteoxy-2,3<lid6shydro-4-b§ta-(m6%lphosphono)-m§lhoxy4Deta-D-6ryth 
nosyljcytosine. 

(h) 1-[4-beta-{dim6thylphosphono)m6thoxy-b§te-D-6rythrofuranosyOth^ 
(j) 9-[4-b§ta-{dim6thy!phosphono)m6thaxy43§ta-D-6rythrofuranosyqad6ni 
(j) 9-[4-b§taKdim6%Iphosphono)m6thoxy-beta-D-^ythrofuranosyi]guanin 
(k) 1 ■^4-b§ta-(dim§thylphosphono)m6thoxy-b§ta-D-6rythrofuranosyi]cyt^^ 
(1) 1 -[4-b§ta-(dim6thylphosphono)m6thQxy-b§ta-D-^rythrofuranosyiltf^ 
(m) 9-[4-b§ta-(m6thyIphosphono)m6thoxy-b§1a-D-6rythrofuranosyl]ad6nine. 
(n) 9-[4-b§ta-(m6thy!phosphono)m6thoxy-b§ta-D-6rythrofuranosyOg^^ 

(o) 1 -[44)6ta-(m6thylphosphono)m61hoxy-b§la-D-6rythrofuranosyl]c^ 

(p) sel disodique de 1-[4-betaiDhosphonom6thoxy-bfita-D-6rythrofuranosyl]thymine. 

(q) sel disodique de 9-[4-b§ta-phosphonom6thoxy-b§ta-D-6rythrofuranosyl]ad6nine, 

(r) sei disodique de 1-[4-b6ta-phosphonom6thoxy-b6ta-D-6rythrofuranosyQcytosine. 

(s) sel disodique de 1-t4-b6ta-phosphonom6ttioxy-D-6rythrofuranosyl)cytosine, 

(t) 1 -[2-d6soxy-4-b6ta-(di§thylphosphono)m6thaxy-b§la-D-6rythrofuranosyOt^^ 

(u) 9-[2<16sGxy-4-b§ta-(di6thylphosphono)m6thoxy*§ta-D-6rythrofuranosyl]ad6^ 

(v) 9-[2KJ6soKy-4-b§ta-(di6thyIphosphono)m6thoxy-b§ta-D-6iythrofuranosyl]guanine, 

(w) 1 -9-[2-d6soxy-4-b6ta-(di6thylphosphano)m6thoxy^D§ta-D-6rythro^ 

(x) sel disodique de 1-(2-d6soxy-4-bSta-phosphonom6thoxy-b§ta-D-6rythrofuranosyl]thymine, 

(y) sel de monoammonium de 9-(2-d6soxy-4-b§ta-phosphonom6thaxy-b6ta-D-6rythrofuranosyl]ad6nine, 

(z) sel disodique de 9-(2-d6soxy-4-bSta-phosphonom6thoxy-b6ta-D-6rythrofuranosyl]guanine, 

(aa) sel disodique de 1-(2<j6soxy-4-b§ta-phosphonom6thoxy-beta-D-6rythrofuranosyl]cytoslne, 

(ab) sel de sodium de 9-{2-d6sQ)cy-4-b§ta-(m6thylphosphono)m6thoxy-b§ta-D-6rythrofuranosyl)ad6nine, et 

(ac) sel de monoammonium de 9-[2,3-did6soxy-2,3-did6shydro-4-b§ta-phosphono-m6thoxy-b§ta-D-6rythrofu- 
ranosyl] adenine. 

12, Proced6 selon la revendication 8 comprenant de plus la conversion d'un compos6 de la formula 




HO Z 



en un d^riv^ de purine ou de pyrimidine de la formuie III: 



B 




ou 
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X et X* sont H, alkyle avec 1 k 6 atomes de carbone ou le cation d'une base formant un sel, Z et R'' sort ind6- 
pendammert H ou OH. et B est une base s^tectionnde dans le groupe consistart en xarthine, xanthine subs- 
titute, guanine, guanine substitute, purine, purine substitute, cytoslne, cytosine substitute, uraciie, uracile 
substitut, thymine, adtnine et adtnine substitute, et leurs sels pharmaceutiquemert acceptabies. 

1 3. Proctdt selon es revendications 1 ou 6 comprenart de plus la conversion d'un conipost de la fbnnule 



10 




en un dtrivt de phosphonomtthoxymtthoxymtthyl 

purine/^yrimidlne ayart un groupe phosphonate cyclique de la formule IV : 



20 



0 



xo- 



(IV) 



25 



,0- 



30 OU 

X est H, alkyle avec 1 k 6 atomes de cartxjne, ou bien le cation d'une base formant un sel, R' et R*^ sont indt- 
pendammert H, alkyle avec 1 k 6 atomes de carbone, hydroxyaikyle avec 1 k 6 atomes de carbone, ou alca- 
noyle ayart 2k7 atomes de carbone, et B est une base de purine ou de pyrimidine stiectionnte dans le 
35 groupe consistent en xarthine. xanthine substitute, guanine, cytosine substitute, uracile, uracile substitut, 

thymine, adtnine et adtnine substitute, et leurs sels pharmaceutiquemert acceptabies. 

14. Utilisation d'au moins un compost prtpart selon Tune quelconque des revendications 1^13 pour la prtparation 
d'une composition pharmaceutique pour le traitement d'une infection par un virus ou un rttrovirus ou pour le trai- 

40 tement d'une tumeur. 

15. Proctdt de prtparation d'une oligonucltotide dtrivt d'un dtrivt de 5'-pho^honomtthoxytttrahydrofuranyl-2*- 
purine/pyrimidine tel que prtpart selon Tune quelconque des revendications 8^11. 

45 1 6. Proctdt de prtparation d'un compost de la formule V: 



so 




ou 

55 

B est une base de purine ou de pyrimidine stiectionnte dans le groupe consistart en xanthine, xanthine subs- 
titute, guanine, 8-bromoguanine, 8-chloroguanine, 8-aminoguanine, 8-hydrazinoguanine. 8-hydroxyguanine, 
8-mtthylguanine. 8-thioguanine et 3-dtazaguanlne. purine, purine substitute, cytosine, cytosine substitute, 
thymine, uracile. uradie substitut, adtnine et adtnine substitute, 
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comprenant T^limination de H-Y d*un compos6 de la formule 



10 



ou 



Y' est S-Ph. Se-Ph ou un halog6ne et B a les significations ci-dessus. 
15 1 7. Proc^^ de pr^aration d*un compost de la formule 

20 




conrprenant la reaction d'un compost 



25 



30 



35 



40 




avec X-Y, oij 

X est un halog^ne, 

Y est S-Ph, Se-Ph. ou un halog^ne, et 

X-Y est un halog^ne, ZS-Ph ou ZSe-Ph. ou Z est un halog6ne et B est une base de purine ou de pyrimidine 
s6lectionn^e dans le groupe consistant en xanthine, xanthine substitute, guanine, guanine substitute, purine, 
purine substitute, cytosine, cytosine substitute, thymine, uracile, uracile substrtut. adtnine et adtnine substi- 
tute. 

18. Proctdt de prtparation d'un compost de formule VIII. 



45 



so 



55 



S CH2\ 
{R0)2P^ 




:viii; 



ou 



Y est un halogtne. S-Ph, Se-Ph, R est hydrogtne ou alkyle avec 1 k 6 atomes de carbone et B est une base 
de purine ou de pyrimidine stiectionnte dans le groupe consistant en xanthine, xanthine substitute, guanine, 
guanine substitute, purine, purine substitute, cytosine, cytosine substitute, thymine, uracile, uracile substitut. 
adtnine et adtnine substitute, 
comprenant la rtaction d'un compost de la formule 
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10 



15 




avec un compost de ia formule 




ou 



X est un halog^ne. et Y, R et B ont les signrfications d-dessus. 
20 1 9. Proc^6 de proration d'un compost de fa formule 



25 




30 comprenant la ruction d'un compost de la formule 



35 



avec un compost de la fornnule 



40 



'0)2?' 



.OH 



45 avec un p^racide, oCi R'" est hydrog^ne ou atkyle avec 1 k 6 atomes de carbone et B est une base de purine ou de 
pyrimidine s^lectionn^e dans le groupe consistant en xanthine, xanthine substitute, guanine, guanine substitu^, 
purine, purine substitute, cytosine. cytosine substitute, thymine, uracile, uracile substitut, adtnine et adtnine 
sut)stitute. 

so 20, Proctdt de preparation d'une composition pharmaceutique qui comprend I'incorporation d'au moins un compost 
prtpart selon Tune des revendications 1^13 dans un diluant solkie, llqulde ou gazeux. 
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